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PREFACE. 


The  present  volume  contains  the  Holley  Memorial  Address,  de- 
livered in  New  York,  October  2,  1890,  by  Mr.  James  Dredge,  of 
London,  together  with  an  account  of  the  ceremony  of  unveiling 
the  Memorial,  which  took  place  on  the  same  day,  and  a  view  of 
the  bust  and  pedestal.  This  material  was  necessarily  omitted  from 
Volume  XIX.,  for  lack  of  room.  It  will  not  be  found  to  have  lost 
its  interest  by  reason  of  this  delay  in  publication. 

There  is  also  in  this  volume,  besides  the  usual  analytical  index, 
an  analytical  index  covering  Volumes  XVI.  to  XX.  inclusive. 
Taken  together  with  the  Index  Volume  (I.  to  XV.),  this  covers  the 
entire  series  of  the  Tiransactions,  and  greatly  increases  their  value  for 
purposes  of  reference. 

In  order  to  make  room  for  the  special  features  above  named,  and 
to  secure  at  the  same  time  a  change  desirable  in  itself,  the  Volume 
has  been  closed  with  the  October  Meeting,  so  that  each  future  vol- 
ume may  begin  with  the  February  (Annual)  Meeting,  and  contain 

the  proceedings  of  a  complete  calendar  year. 
Mat,  1892. 
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5.  Books.  (Under  this  head  the  only  publications  are  an  Index  to 
Vols.  I.  to  XV.  inclusive,  a  Glossary  of  Mining  and  Metallurgical  Terms, 
and  a  Memorial  of  Alexander  Lyman  Holley.) 

All  the  foregoing  publications  are  sent  free  to  members  and  associates 
not  in  arrears  at  the  time  of  publication.  They  are  also  for  sale  at  the 
office  of  the  Secretary,  or  are  sent  to  purchasers  by  mail  or  express, 
charges  paid,  on  receipt  of  the  price  by  the  Secretary,  as  follows : 

Classes  1  and  2,  above  mentioned,  at  the  following  rates: 


No.  OF  Pages. 

Single  Gopies. 

10  COPIRA. 

ao  Copies. 

8  or  1e88.,« 

$0  06 
0  08 
0  12 
0  16 
0  20 
0  20 

$0  30 

0  60 

1  00 
1  25 
1  50 
1  76 

$0  50 
1  00 

1  50 

2  00 

2  60 

3  00 

8  to  12  inclusive 

12  to  16      **        

16  to  20      "        

20  to  24      "        

Oyer  24      **        

Class  3.  This  class  now  comprises  twenty  volumes  of  Tranmctions,  for 
sale  as  follows :  Vols.  I.  to  IV.,  inclusive,  at  $2  each  ;  Vols.  V.  to  VIII., 


X  PUBLICATIONS. 

inclusive,  at  $3  each ;  all  other  volumes  at  $5  each,  except  Vol.  X,,  of 
which  the  supply  on  hand  is  smallest,  and  the  price  of  which  is  tlO. 
These  prices  are  for  paper  covers.  Half-morocco  binding,  $1  extra 
per  volume. 

Class  4.  This  class  now  includes  "Steel  Rails"  (Papers  by  Messrs* 
Sand  berg,  Dudley  and  Holley,  and  discussions  at  two  meetings  in  1881, 
from  Vol.  IX.  of  the  Transactions),  price  SI;  ^Technical  Education" 
(Papers  and  discussions  at  the  XVIIth  [Philadelphia]  meeting,  in  1876 
—mostly  not  in  the  Transactions^,  price  50  cents;  "The  Law  of  the 
Apex  "  (including  the  Appendix),  and  "  Lode- Locations,*'  by  R.  W. 
Raymond,  price  25  cents  each  ;  Lithographic  Geological  Map  of  the 
United  States,  colored  after  the  scale  proposed  by  the  International 
Greological  Congress,  together  with  an  explanatory  and  historical  paper 
by  Prof.  C.  H.  Hitchcock,  price  $1.25.  "  List  of  Members,  Rules,  etc.," 
price  25  cents. 

Class  5.  Index  to  Vols.  I.  to  XV.,  inclusive,  of  the  Transcustions,  price, 
in  stiff  cloth  covers,  $l,in  half-morocco,  $2.  "Memorial  of  Alexander 
Lymau  Holley,"  in  cloth,  with  frontispiece-portrait,  price  $1.  "Glos- 
sary of  Mining  and  Metallurgical  Terms,"  by  R.  W.  Raymond  (from 
Vol.  IX.  of  the  TransaetUms),  in  cloth,  price  50  cents. 

AUTHORS'  EDITIONS. 

Extra  copies,  when  ordered  before  the  types  have  been  distributed, 
are  furnished  to  authors  under  Rule  VII.,  at  the  following  rates : 


No.  OF  PAei& 

M  Copies. 

100  Copies. 

250  Copies. 

Each  addi- 
tional lOOcopies 
above  250. 

•  4  or  less 

11  25 

1  76 

2  25 

2  75 

3  25 

3  75 

4  25 
4  75 

1  50 

$1  50 

2  25 

3  00 

3  75 

4  50 

5  25 

6  00 
6  75 

2  00 

12  25 
8  25 

4  25 

5  25 

6  25 

7  25 

8  25 

9  25 

3  00 

$0  50 

0  75 

1  00 
1  25 
1  50 

1  75 

2  00 

4  to  8  iDclasive.M 

8  to  12      •* 

12  to  16    "        

16  to  20    **        

20  to  24    " 
24  to  28    " 

28  to  32    "        

2  25 

Covers  (iDcluding  print- 
ing on  first  page  of  the 
same),  extra 

0  50 

; 

When  a  paper  contains  one  or  more  separate  plates  or  '*  folders,"  these  will  be 
charged  in  reprinting  as  follows :  One  page  or  one  fold,  the  same  as  four  pages  in 
the  above  table;  each  additional  fold,  the  same  as  four  additional  pages.  These 
prices  are  for  j)lates  on  the  ordinary  paper,  used  in  the  edition  issued  *'  subject  to 
revision.''  If  special  bank-note  paper  is  desired,  such  as  is  used  in  the  Volumes 
of  TroMaetions,  the  price  for  the  plates  will  be  doubled. 


All  communications  and  remittances  should  be  addressed  to  R.  W. 
Raymond,  Secretary,  P.  O.  Box  223,  New  York  City. 


RULES 


ADOPTED  HAT,  187S.    AMENDED  MAY,  1875, 1877,  AND  1878,  FEBRUABT,  1880, 1881, 

1887,  AND  1690. 


I. 
OB7SCT8. 


The  objects  of  the  American  Institute  of  Minino  Emoineees  are  to  promote 
the  ftrtfl  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse^  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 

11. 

XEMBSB8HIP. 

The  Institnte  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallui^gical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regolar  meeting  (or  by  ballot  at  any  time  conducted  through  the  mail,  as  the  Coun- 
cil may  prescribe)  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  (or  by  ballot  at  any 
time  conducted  through  the  mail,  as  the  Council  may  prescribe)  on  receiving  nine- 
tenths  of  the  votes  cast ;  Providedf  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  verso,  subject  to  the  ap- 
proval of  the  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privil^ies  of  membership ;  IVovided,  that  honorary  members  shall  not  be  entitled 
to  vote. 


•  • 


Zll  RULES. 

Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  the 
Ck>ancil,  bj  the  vote  of  three-fourths  of  the  members  and  associates  present  at  anj 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


HI. 
Dirzs. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  payable  upon  their 
election,  and  ten  dollars  per  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate not  in  arrears  may  become  by  the  payment  of  one  hundred  dollars  at  one  time 
a  life-member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in  arrears 
for  one  year ;  Provided,  that  he  may  be  restored  to  membership  by  the  Council  on 
payment  of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

0FFICEB8. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council  may, 
by,  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainder 
of  the  term  for  which  his  predecessor  was  elected  or  appointed  ;  Provided^  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 


RULES.  XIU 

Five  members  of  the  Council  shall  constitute  a  quorum ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recorded  by  him  with  the  minutes. 

V. 

SLBCTI0V8. 

The  annual  election  shall  be  conducted  as  follows :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting ;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible  for 
election  to  each  office;  and  if  the  Council,  or  a  Committee  thereof,  appointed 
for  the  purpose,  shall  have  recommended  any  nominations,  such  recoifimendation 
may  also  be  sent  to  members  and  associates  with  the  said  list  of  all  nominations 
made,  but  not  upon  the  same  paper.  And  each  member  or  associate,  qualified  to 
vote,  may  vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leav- 
ing names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  preparing  a 
new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing 
it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting ;  Provided,  that 
no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be*  allowed  to 
vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received  and 
examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  presiding 
officer;  and  the  persons  who  shall  have  received  the  greatest  number  of  votes  for 
the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so  report  to 
the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the  elected 
officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 

MXBTIV08. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit ;  and  the  Secretary  shall  call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  a  majority  of 
the  members  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  con- 
sent of  the  meeting. 


XIV  RULSS. 

VII. 

FAPBBB. 

* 

The  GoQDcil  shall  have  power  to  decide  on  the  propriety  of  commanicating  to  the 
Institate  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  as  a  body,  responsible  for  the  statements  of  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely  to  trader 


VIII. 

AKBHDMBHTS. 

These  Bules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Provided,  that  written,  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting ;  (md  Providedy  aho,  that  the  amendment  or 
amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (except  honorary  members  and  foreign  members  elected 
before  February,  1880),  and  each  person  receiving  the  same  shall  be  requested  to 
return  it  to  the  Secretary  with  his  written  vote  of  Yes  or  No  to  each  amendment, 
and  his  signature ;  and  the  President  shall  appoint  as  scrutineers  three  members  or 
associates,  who  shall  examine  all  of  the  said  ballots  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  shall  report  the  result ; 
and  the  Secretary  shall  publish  and  distribute  to  members,  not  later  than  the  next 
distribution  of  printed  matter,  an  announcement  of  the  said  result  so  reported, 
together  with  the  text  of  the  additional  or  amended  rule  or  rules  so  adopted ;  and 
the  amendment  or  amendments  approved  by  the  majority  of  the  ballots  so  returned 
and  reported  shall  become  part  of  these  rules  from  and  after  the  publication  of  said 
announcement  by  the  Secretary. 


PROCEEDINGS. 


DEDICATION  OF  THE  HOLLET  MEMORIAL,  NEW  TOBK, 

OCTOBER,  1890, 

The  Tranmdwna  of  the  Institute  (vols,  z.,  238 ;  zi.  20^  222), 
and  the  Holley  Memorial  volumey  issaed  in  1884,  record  the  action 
taken  by  the  Institute,  and  cordially  shared  by  the  American  Society 
of  Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  and 
by  individual  engineers  throughout  the  world,  in  honor  of  Alexander 
Lyman  Holley,  a  distinguished  and  beloved  member,  and,  at  one 
time  or  another,  an  officer  of  each  of  the  societies  named,  whose 
death,  January  29,  1882,  was  equally  mourned  by  his  colleagues  and 
friends,  at  home  and  abroad.  The  numerous  addresses,  resolutions, 
and  letters,  contained  in  the  Memorial  volume  published  by  this 
Institute,  indicate,  without  exhausting,  the  evidences  of  the  love  and 
admiration  with  which  he  was  regarded.  Under  resolutions  of  the 
three  American  engineering  societies,  the  following  joint  committee 
was  appointed  to  make  arrangements  for  further  suitable  commem- 
oration of  Mr.  Holley's  character  and  career : 

For  the  American  Institute  of  JUinvng  Engineers, — R.  W.  Ray- 
mond, Chester  Griswold,  John  Fritz,  Thomas  Egleston,  and  G.  W. 
Maynard. 

For  the  Amerioan  Society  of  Mechanical  Engineers. — W.  P.  Trow- 
bridge, J.  C.  Bayles,  James  A.  Burden,  Eckley  B.  Coxe,  and  R.  W. 
Hunt. 

For  the  Amerioan  Society  of  dml  Engineers. — Charles  Macdonald 
O.  Chanute,  W.  G.  Hamilton,  I.  Newton,  and  T.  C.  Clarke. 

This  committee  was  subsequently  organized  by  the  election  of  Mr. 
Raymond  as  chairman,  and  Mr.  Macdonald  as  secretary  and  treas- 
urer. 

By  request  of  the  committee,  a  Memorial  Address  was  delivered 
in  New  York,  November  1,  1882,  by  R.  W.  Raymond. 

The  committee  also  raised,  by  a  subscription,  to  which  contribu- 
tions were  received  from  both  sides  of  the  Atlantic,  a  fund  somewhat 
exceeding  ten  thousand  dollars  for  a  suitable  memorial  to  be  erected 
in  New  York.  After  many  delays  (the  chief  among  which  was  due 
to  the  rule  of  the  Park  Commisson  of  New  York  city,  preventing 
the  erection  in  the  public  parks  of  any  statue  until  a  certain  number 
of  years  has  elapsed  after  the  death  of  its  subject),  this  memorial 


ZVlli  THE  HOLLEV  MEMORIAL. 

was  oompletedy  and  a  most  appropriate  opportunity  for  its  publio 
dedication  was  offered  by  the  meeting  of  the  Iron  and  Steel  Institute 
in  the  United  States,  in  the  autumn  of  1890. 

The  memorial,  which  now  stands  in  Washington  Square,  New 
Tork  city,  is  shown  in  the  accompanying  frontispiece.  It  consists 
of  a  bronze  portrait  bust,  of  heroic  size,  executed  by  the  eminent 
American  sculptor,  Mr.  J.  Q.  A.  Ward,  and  mounted  upon  a  pedestal 
of  stone  designed  by  Messrs.  Carri^re  and  Hastings,  architects,  of 
New  York  City.    The  inscriptions  are  as  follows : 

HOLLEY. 

Born  in  Lakeville,  Conn.,  July  20,  1 832. 
Died  in  Brooklyn,  N.  Y.,  January  29,  1882. 


In  Honor  op 
Alexander  Lyman  Holley 

Foremost  among  Those 

Whose  Genius  and  Energy 

Established  in  America 

And  Improved  Throughout  the  World 

The  Manufacture 

Of  Bessemer  Steel 

This  Memorial  is  Erected 

By  Engineers 

Of  Two  Hemispheres. 

Mr.  James  Dredge,  the  distinguished  editor  of  London  Engineer^ 
ing,  and  an  intimate  friend  of  Mr.  Holley,  was  invited  by  the  com- 
mittee to  deliver  the  commemorative  address  in  connection  with  the 
unveiling  of  the  memorial,  and  it  was  arranged  that  the  address 
should  be  given  on  Thursday  afternoon,  October  2,  1890,  in  Chick- 
ering  Hall,  and  followed  by  the  ceremony  in  Washington  Square. 

At  the  appointed  time,  Mr.  Raymond,  as  chairman  of  the  Holley 
Memorial  Joint  Committee,  introduced  to  the  audience  gathered  in 
the  hall,  and  representing  engineers  of  many  countries,  the  orator  of 
the  occasion,  who  delivered  the  following  address : 
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HOLLEY  MEMORIAL  ADDRESS. 

By  James  Dredge,  Honorary  Member  op  the  American 

SociiETY  OP  Mechanical  Engineers. 

Mr.  Prmdenty  Members  of  the  HoUey  Memorial  Joint  Committee^ 
Ladies  and  Gentlemen:  Before  commencing  my  address  I  propose, 
with  your  permission,  to  read  to  you  two  letters,  which  you  will  cer- 
tainly listen  to  with  interest  and,  I  hope,  with  pleasure.  The  first 
is  from  Mr.  James  Forrest,  the  Secretary  of  the  Institution  of  Civil 
Engineers,  and  a  gentleman  with  whom  many  of  you  are  acquainted. 

The  Institution  op  Civil  Enoineebs, 
July  81, 1890. 
James  Bbedoe,  Esq. 

Dear  Sir:  Go  learning  that  you  have  been  intrusted  with  the  privilege  of  unveil- 
ing in  Central  Park,  New  York,  a  monument  to  the  memory  of  the  late  Alexander 
Lyman  Holley,  civil  engineer,  the  Council  of  this  Institution  have  considered  in 
what  manner  expression  could  best  be  given  on  that  occasion  to  the  feeling  of  re- 
spect and  esteem  in  which  Mr.  Holley  was  held  by  many  members  of  this  Council 
and  of  this  Institution.  As  the  result  of  their  deliberations,^  have  been  instructed 
to  request  you,  in  the  name  of  the  Council,  to  be  so  good  as  to  make  yourself  the 
channel  for  communicating  the  sentiments  of  regard  which  the  Institution  enter- 
tains for  his  memory. 

The  late  Mr.  Ho.  ley  was  intimately  known  to  several  members  of  the  existing 
Council,  who  have  not  only  expressed  their  high  appreciation  of  his  exceptional 
skill  and  acquirements  as  a  man  of  science  and  as  an  engineer,  but  also  their  warm 
affection  for  a  man  whose  ability,  sincerity,  and  purity  of  character  appear  to  have 
endeared  him,  in  no  common  manner,  to  those  who  were  fortunate  enough  to  know 
him  well.  Like  testimony  to  the  high  professional  and  personal  character  of  Mr. 
Holley  has  reached  the  Council  from  members  of  the  Institution  living  in  different 
parts  of  this  country. 

The  details  of  Mr.  Holley 's  labors,  investigations,  and  services,  as  practically  ex- 
emplified by  his  work,  are  well  known  to  you  and  to  the  scientific  world  in  general. 
I  forbear,  therefore,  from  entering  upon  them,  although  very  much  might  readily 
be  written  on  the  subject.  But  what  I  must  not  abstain  from  mentioning,  as  I  have 
been  specially  instructed  to  advert  to  it,  is  the  eminent  degree  in  which  the  late  Mr. 
HoUey's  work,  and  his  repeated  visits  to  this  country,  assisted  in  bringing  about, 
and  in  establishing,  as  the  Council  believe,  upon  an  enduring  basis,  the  cordial  un- 
derstanding which  so  happily  exists  between  the  great  engineering  professions  of 
the  United  States  and  of  the  mother  country.  There  is  no  member  of  this  Council, 
and,  I  will  venture  to  add,  no  member  of  this  Institution, — large  as  it  is,  and  widely 
as  its  members  are  spread  throughout  the  world, — who  does  not  greatly  appreciate, 
and  keenly  enjoy,  the  friendly  feeling  which  exists  between  the  people  of  all  classes 
in  the  United  States  and  in  this  country.  To  attain  such  an  end  was  ever  the  aim 
of  the  man  with  whose  memory  you  are  soon  to  be  so  honorably  connected,  and  the 
Council  trust  that  you  will  associate  them  and  their  fellow-members  of  this  Institu- 


XX  THE   HOLLEY  MEMORIAL. 

tion  with  the  forthcoming  celebration  by  informing  Mr.  HoUej's  countrymen,  if 

opportunity  offer,  of  the  esteem  and  honor  in  which  his  memory  wil]  always  be 

held  by  them  and  by, 

Dear  Sir, 

Yours  truly, 

James  Forrest, 

Secretary. 

The  seoond  letter  is  from  a  great  man  whose  name  is  very  familiar 
to  you  all ;  to  whom  you,  in  common  with  all  the  world,  are  indebted, 
and  to  whom  you  have  already  done  honor.  I  refer  to  Sir  Henry 
Bessemer,  but  for  whom  Holley's-career,  while  it  could  not  have  been 
less  brilliant,  would  have  been  largely  modified.  Sir  Henry  Besse- 
mer writes : 

Denmark  Hell,  Surrey, 

August  1,  1890. 
Dear  Mr.  Dredge: 

The  engineers  of  the  United  States  having  done  you  the  honor  to  invite  you  to 
New  York  for  the  purpose  of  unveiling  the  statue  of  your  old  and  esteemed  friend, 
Alexander  L.  Holley,  it  has  occurred  to  me  that  this  occasion  presents  an  opportu- 
nity of  which,  with  your  kind  permission,  I  am  most  anxious  to  avail  myself. 

You  are  aware  that  the  civil,  mechanical,  and  mining  engineers  of  America 
have  invited  the  members  of  the  Iron  and  Steel  Institute  to  visit  their  country,  and, 
with  more  than  their  ifsual  generous  hospitality,  have  provided  a  most  interesting 
and  extensive  programme  for  their  mental  and  physical  enjoyment 

It  is  a  source  of  very  great  regret  and  disappointment  to  me  that  nature  has  inter- 
posed an  insuperable  barrier  between  us  by  giving  me  a  constitution  that  does  not 
permit  me  to  make  the  shortest  sea  voyage  without  absolute  danger  to  life.  But  for 
this  circumstance,  the  fact  of  my  being  in  my  seventy-eighth  year  would  not  have 
prevented  me  from  accepting  their  generous  hospitality,  and  seeing  with  my  own 
eyes  the  enormous  progress  which  the  indomitable  energy  and  perseverance  of  the 
citizens  of  the  New  World  have  made  within  the  last  twenty  years. 

Much  as  I  should  have  felt  interested  and  impressed  with  their  great  mechanical 
and  engineering  progress,  I  should  have  experienced  still  greater  pleasure  and  pride 
in  visiting  their  magnificent  steel  works  and  seeing  the  material  that  bears  my  name 
produced  on  a  scale  of  greater  magnitude  than  it  is  in  any  other  country  in  the 
world.  And  when  I  reflect  on  the  great  honor  conferred  on  me  by  this  appre- 
ciation of  my  labors,  I  find  it  difficult  to  express  the  gratification  it  has  af- 
forded me. 

In  England,  France,  and  Germany,  many  generous  tributes  have  been  accorded 
me  by  imperial  personages,  corporate  bodies,  and  scientific  institutions.  From  the 
nature  of  her  Constitution,  America  has  no  orders  of  knighthood  or  other  titles  to 
bestow.  But  to  a  generous  people  a  way  may  always  be  found  of  honoring  those 
whom  they  desire  to  honor,  and  in  giving  the  name  of  Bessemer  to  a  rising  city  in 
the  United  States,  they  have  created  a  living  monument  to  my  memory  that  will  last 
for  centuries  after  all  the  titles  and  medals  I  have  received  in  Europe  have  passed 
away  and  been  forgotten.  It  is  in  vain  I  look  for  words  adequately  to  express  my 
gratitude  for  this  great  memorial,  but  I  gladly  avail  myself  of  this  opportunity  of 
thanking  them,  though  but  very  feebly,  for  the  honor  done  me,  which  far  exceeds 
in  generosity  and  value  anything  which  my  invention  deserves. 
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It  has  been  saggeeted  to  me  that  the  Society  of  Mechanical  Engineers  of  America 
would  still  further  honor  me  by  accepting  my  portrait.  This  I  now  send  you,  and 
I  beg  you  to  present  it  to  them  in  my  name,  and  at  the  same  time  to  express  the 
gratification  its  acceptance  will  afford  me.  Thanking  you  in  advance  for  the  trouble 
I  am  giving  you, 

I  remain,  dear  Mr.  Dredge, 

Yours  faithfully, 

Henby  Bessemer. 


When  I  received  from  Dr.  Raymondy  in  April  last^  an  invitation 
from  your  Joint  Committee  to  deliver  the  inaugural  address  that  was 
to  precede  the  ceremony  of  unveiling  the  Holley  Memorial  Statue, 
I  was  bewildered  at  the  great  and  wholly  unexpected  honor  thus  sud- 
denly pressed  upon  me.  It  was  evident  that  the  reason  assigned  in 
a  letter,  which  I  shall  always  preserve  as  one  of  my  most  valued  pos- 
sessionSy  was  inadequate  to  account  for  the  decision  at  which  your 
committee  had  arrived.  It  seemed  so  clear  that  to  an  American 
alone  belonged  the  privil^e  of  delivering  the  oration  in  memory  of 
one  of  America's  greatest  engineers,  and  certainly  her  most  brilliant 
and  best  loved.  And  that  you  should  cede  to  a  foreigner  this  great 
privilege,  and  be  content  to  accept  cold  and  halting  language  when 
the  bright  and  flowing  eloquence  of  a  hundred  of  your  countrymen 
was  at  your  disposal,  remained  for  a  long  time  a  dark  enigma  to  me. 
'^  We  Americans  have  all  said  our  say  about  him/'  so  Dr.  Raymond 
wrote;  but  who  is  there  among  you  who  would  not  tell  once  more 
with  pleasure  the  oft-repeated  story  of  Alexander  Lyman  Holley  ? 
It  was  not  possible  to  accept  this  reason  literally  when  there  are  so 
many  of  you  who  could  hold  an  audience  by  their  eloquence  on  a 
subject  of  which  we  never  tire;  who  could  recall  memories  the  sorrow 
of  which  have  lost  their  bitterness ;  who  could  do  far  more  justice 
than  I  to  one  whose  name  is  as  freshly  dear  as  it  was  on  that  dark 
winter  day  when  he  passed  from  us.  Still  less  would  I  like  to  ima- 
gine that  when  you  selected  me  for  this  high  honor,  you  entertained 
any  belief  in  my  peculiar  fitness,  except  that  I  am  filled  with  a  never« 
ceasing  admiration  and  love  for  the  man  in  whose  name  we  are 
gathered  together. 

But  though  you  preferred  to  cover  with  a  light  reason  the  real  and 
noble  motive  by  which  you  were  directed  to  your  resolve,  this  motive 
cannot  fail  to  be  known  and  appreciated  throughout  England, — 
throughout  Europe, — where  the  memory  of  Holley  is  still  kept  green- 
To  draw  closer  the  bonds  of  brotherhood  and  of  friendship ;  to  show 
the  world  that  while  you  claim  the  Master  as  your  own,  you  wish  to 
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pay  a  tribate  to  those  beyond  the  sea  who  loved  him  too ;  to  give 
iruition  to  one  of  the  most  earnest  desires  of  his  life,  that  of  bringing 
together  in  close  and  friendly  intercourse  the  engineers  of  the  Anglo- 
Saxon  race ;  these  were  the  motives  that  I  read  concealed  beneath  the 
assurance  that  you  had  all  '^  said  your  say  "  about  Holley.  Com- 
menced last  year,  carried  forward  by  leaps  and  bounds,  through 
your  self-abnegation  in  giving  to  England  the  post  of  honor  to-day, 
you  have  made  Holley's  dream  of  union  a  reality,  the  brightness 
of  which  is  dimmed  only  by  the  thought  that  he  cannot  know  it  is 
a  dream  no  longer. 

If  I  were  able  to  do  justice  to  the  theme,  I  believe  that  there  are 
few  j>ersons  who  have  such  good  cause  to  speak  with  feeling  and  with 
eloquence  upon  it  as  myself.  You  will  understand  why,  presently^ 
if  I  succeed  in  making  clear  to  you  how  deeply  I  am  indebted  to 
Holley,  how  great  his  influence  for  good  has  been  upon  my  char- 
acter and  whole  career.  If  I  succeed  in  making  you  understand 
this,  you  will  understand  also  why  my  admiration  for  him  is  so 
largely  blended  with  reverence,  and  my  affection  with  gratitude. 

In  framing  this  address,  I  have  endeavored  to  carry  out,  as  far  as 
possible,  the  suggestion  contained  in  Dr.  Raymond's  letter — "  Now 
we  want  a  voice  from  beyond  the  sea  to  speak  for  all  those  who  ap- 
preciated his  worth  and  work.''  To  give  the  fullest  effect  to  this 
desire  I  thought  it  only  due  to  some  of  those  who  did  most  fully 
appreciate  the  worth  and  works  of  Holley,  to  let  them  speak  for 
themselves,  through  me;  and,  as  the  representative  of  those  whose 
voices  I  wish  could  have  been  heard  here  to-day,  rather  than  as 
speaking  for  myself,  I  have  dared  to  undertake  the  great  responsi- 
bility that  your  generosity  has  laid  upon  me,  and  I  trust  you  will 
believe  that  if  my  own  individuality  should  be  thrown  into  more 
prominence  than  might  appear  fitting,  it  is  because  my  whole  career 
has  been  strangely  influenced  and  moulded  upon  those  of  Holley 
and  the  brilliant  friend  and  companion  of  his  early  years,  Zerah 
Colburn. 

When  first  I  passed  the  subject  under  general  review,  and,  as  it 
were,  at  a  distance^  it  seemed  to  be  pregnant  with  matter  for  dis- 
course ;  but,  as  I  approached  it  closer,  much  that  was  full  of  promise 
became  intangible,  just  as  delicate  sentiments  so  often  refuse  to  be 
crvstallized  in  words.  And  when  I  read  once  more  the  noble  mono- 
graph  penned  by  Dr.  Raymond,  eight  years  ago,  there  seemed  but 
little  left  for  me  to  say ;  and  that  little,  how  impotently  and  feebly 
conceived,  compared  with  the  grief-inspired  eloquence  and  the  pains- 
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faking  completeness  that  ennobled  every  line  of  that  labor  of  be- 
reaved friendship.  The  utmost  I  could  hope  to  do  was  to  fhrow 
here  and  there  some  side-light  on  Holley's  story ;  to  give  you  a 
better  idea  of  the  high  esteem  in  which  he  was  held  in  England 
than  you  have  justly  gathered  from  the  measured,  unimpassioned 
British  phrases  that  concealed  successfully  our  actual  sentiments. 
But  of  Holley's  history  I  can  give  you  little  that  is  new ;  possibly 
this  is  neither  the  time  nor  place  to  enlarge  upon,  or  even  to  repeat 
what  you  have  been  ^already  told  so  well.  His  was  the  story  of  all 
great  men — ^a  noble  mission  faithfully  fulfilled ;  a  life  cheerfully 
yielded  when  his  work  was  done.  To  him  were  entrusted^  not  five 
but  fifty  talents,  and  of  all  he  could  render  an  account  manifold 
when  he  entered  into  his  rest. 

To  my  mind,  the  last  eighteen  months  of  Holley's  life  were  the 
most  beautiful  of  his  whole  career.  He  had  passed  through  the  valley 
of  the  shadow  of  death  without  a  tremor ;  he  had  emerged  from  its 
cold  shades  with  a  keener  sense  of  the  emptiness  of  individual  aims 
and  ambitions,  but  with  a  higher  appreciation  of  the  true  object  of 
life — ^to  keep  always  forward  in  the  path  of  duty.  His  judgment 
and  abilities  had  reached  their  culminating  point,  and  his  audacity 
— I  can  think  of  no  better  word  to  describe  one  of  the  greatest  charms 
of  his  character — was  somewhat  tempered  by  a  gentle  melancholy, 
due,  possibly,  to  a  conviction  that  his  days  were  not  to  be  many. 
During  that  time,  Holley  conspicuously  showed  the  fulfilment  of  all 
the  rich  promise  of  his  youth  ;  the  powers  that  thirty  years  before 
had  been  latent,  or  were  only  beginning  to  burst  forth,  had  attained 
their  fullest  growth,  and  all  the  lovable  qualities  of  his  nature  had 
become  mature. 

In  the  preparation  of  this  address  two  courses  were  open  to  me : 
to  supplement  Dr.  Raymond's  memoir,  or  to  borrow  from  it.  The 
first  alternative  had  the  disadvantage  that  I  should  present  you  with' 
only  a  fragmentary  and  incomplete  narrative;  the  latter,  that  you> 
would  be  compelled  to  listen  to  facts  with  which  you  are  already 
quite  familiar.  But,  all  things  considered,  it  seemed  to  me  that 
this  was  the  best  course  to  adopt.  Some  of  you,  possibly,  have  not. 
read  that  memoir,  its  details  may  have  faded  from  the  memory  of 
others,  while  those  in  whose  recollection  it  is  still  fresh  will  not,  I. 
trust,  find  a  brief  summary  wearisome. 

The  course  of  Alexander  Holley's  early  years  and  education  re- 
sembled those  of  most  other  well-born  youths  of  the  same  period. 
He  was  the  o&pring  of  a  union  between  the  representatives  of  two* 
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old  New  England  families  that^  had  taken  root  and  flourished  for 
manjlgenerations  in  Connecticut,  since  they  were  transplanted  from 
English  soil.  Deprived^  almost  from  the  day  he  saw  the  light,  of  a 
mother's  care^  he  was  fortunate  enough  to  have  that  want  supplied 
by  the  second  marriage  of  his  father ;  and  the  influence  of  the  sinr- 
ple^  rigid,  and  God-fearing  domestic  circle  in  which  his  earliest  years 
were  passed,  nourished  the  noble  impulses  and  high  principles  that 
were  born  in  him^  and  strengthened  them,  so  that  they  remained  with 
him  through  life.  He  passed  from  the  little  district  school  to  the 
local  academy  in  Salisbury,  thence  to  another  in  Farmington ;  from 
Farmington  to  Stockbridge,  and  from  Stookbridge  to  Bridgeport, 
that  he  might  prepare  for  Yale  College.  He  did  not  commence  his 
college  career  until  1850,  when  he  was  eighteen  years  old,  so  that  his 
education,  which  had  been  carefully  superintended  by  his  father,  was 
imore  than  usually  thorough  and  complete.  Yale  College  did  not 
4iave  the  honor  of  inscribing  his  name  upon  her  books,  because  in 
1850  the  Brown  University,  at  Providence,  had  founded  a  scientific 
•chair,  and  it  was  determined  that  Holley  should  go  there  instead  of 
*o  New  Haven.  After  three  years  of  college,  Holley  was  well  fitted 
to  commence  the  battle  of  life.  Twenty-one  years  of  age,  wondrously 
winning  an  manners  and  appearance,  with  a  fine  constitution,  and 
indomitable  energy,  he  was,  indeed,  well  adapted  physically  for  the 
struggle;  and  still  more  so  intellectually.  The  strong  natural  bent 
of  his  character  had  been  carefully  strengthened  and  trained  by  him* 
self  from  very  early  years.  The  influences  of  home  were  deeply 
rooted ;  his  powerful  memory,  and  almost  limitless  capacity  for  ob- 
servation, had  been  developed  by  habitual  and  constant  use.  By 
nature  he  was  an  exoellent  draughtsman ;  and  also  by  nature,  he  had 
the  power  of  language^  hence,  from  a  very  early  age,  he  had  a  facile 
and  rapid  pencil ;  a  keen  and  eloquent  tongue.  He  was  a  leader  in 
youthful  debate;  an  acknowledged  chief  in  college  journalism.  The 
boy  was  father  to  the  roan ;  and  the  engineering  instinct  strong 
within  him  had  shown  itself  almost  from  the  first  dawn  of  his  in- 
telligence. Mechanics,  the  design  of  machinery,  and  especially  every- 
thing that  had  to  do  with  l<x;omotive  engineering,  gradually  took  the 
first  place  in  his  mind,  almost  to  the  exclusion  of  collegiate  subjects, 
and  he  made  his  start  in  the  world  in  the  shops  of  Messrs.  Corliss 
and  Nightingale,  at  Providence;  there  he  served  with  credit  as 
draughtsman,  mechanic,  engine-driver,  and  inventor;  and  it  is  a 
remarkable  testimony  to  his  great  ability  at  that  time  that,  without 
any  special  preliminary  technical  training,  Messrs.  Corliss  &  Night- 
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ingale  parted  from  him  regretfully/ and  at  his  own  wish^  because  he 
.  preferred  to  devote  himself  to  locomotive  design  and  construction 
rather  than  to  that  of  stationary  engines.  With  only  eighteen  months' 
practical  experience,  Holley  started  out  in  search  of  employment  in 
locomotive  works.  It  was  natural  enough  for  him  to  meet  with 
failure  and  disappointment ;  after  about  a  month  he  fell  into  despair. 
"  I  am  ready  to  sink ;"  he  said ;  "  for,  if  there  is  anything  certain  in 
this  world,  it  is  that  I  will  never  do  anything  but  just  this  one  thing, 
namely,  build  locomotives."  Soon,  &te  was  kind,  and  found  em- 
ployment for  him  in  the  locomotive  works  of  Jersey  City,  where  he 
remained  long  enough  to  gain  valuable  practical  experience,  and  to 
convince  all  those  about  him  of  his  great  ability  and  energy.  But 
his  dream  of  always  building  locomotives  for  a  living  was  to  be  a 
short  one. 

A  young  man,  of  his  own  age,  and  of  brilliant  genius,  had,  while 
Holley  was  receiving  his  education,  raised  himself  from  the  menial 
life  of  a  farmer's  boy  to  that  of  the  superintendent  of  the  New  Jersey 
Locomotive  Works,  and  had  quitted  it  before  Holley  had  found  the 
situation  he  was  so  anxiously  seeking.  Without  education,  this  man 
had  already  come  to  the  front  as  engineer  and  author ;  at  fifteen 
years  of  age  he  had  secured  publication  for  a  series  of  ^'  Monthly 
Mechanical  Tracts,"  which  he  issued  at  Lowell,  in  1847.  Humble 
as  was  his  origin,  his  uncle  had,  years  before  his  birth,  brought  the 
name  he  was  to  bear  into  notoriety,  and  the  famous  calculating  boy, 
Zerah  Colburn,  was  the  olyect  of  wonder  in  scientific  circles  both  in 
Europe  and  America.  Beyond  a  natural  gift  of  rapid  calculation 
the  uncle  possessed  no  marked  ability,  whilst  the  nephew,  less  en- 
dowed as  a  mathematician,  was,  in  other  respects,  probably  the  mast 
marvellous  member  of  the  engineering  profession  of  any  co\intry. 
A  writer  on  mechanics  at  the  age  of  fifleen,  the  superintendent  of 
an  important  locomotive  works  at  twenty — and  this  without  any 
technical  training  except  what  could  be  gathered  whilst  he  labored 
for  his  scanty  living — Zerah  Colburn  at  twenty-one  commenced  the 
career  for  which  he  was  best  adapted,  and  became  editor  of  the  me- 
chanical department  of  the  American  Railroad  Journal^  in  1862.  Of 
course  he  soon  abandoned  this  position,  and  the  following  year  un- 
dertook, as  his  own  property,  the  New  York  Railroad  Oazette.  He 
was  pushing  the  fortunes  of  this  venture  with  that  ferocious  energy 
characteristic  of  the  man,  at  the  time  when  Holley  obtained  the 
situation  he  had  been  seeking;  doubtless,  the  chief  talk  in  the 
works  was  of  the  late  superintendent's  newspaper,  and  we  may  be 
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certain  that  Colburn  was  often  at  the  locomotive  shops  getting  in- 
formation and  seeking  new  subscribers.  It  seems  but  a  poor  little 
sheet  now,  that  New  York  Railroad  Oazettey  for  technical  journalism 
has  kept  well  to  the  front  with  the  rapid  and  triumphant  forward 
march  of  the  engineer ;  but  to  me  those  flimsy  pages  are  full  of  the 
deepest  interest,  from  their  being  the  first  effort  of  a  roan  who  was 
certainly  the  ablest  technical  journalist  we  have  ever  seen.  So  it 
was  through  the  means  of  this  paper  that  Ilolley  and  Colburn  first 
met,  and  for  some  years  they  were  destined  to  tread  together  the 
upward  path  to  fame. 

I  have  said  that  the  most  boyish  letters  and  essays  of  Holley 
showed  gleams  of  literary  talent  which  time  and  education  kindled 
into  a  bright  flame.  In  many  respects,  the  tastes,  aims,  and  am- 
bitions of  the  two  young  men  were  similar.  Holley  had  already 
realized  the  pleasure  of  seeing  his  work  in  print,  and  of  being  paid 
for  that  work  ;  when  he  was  eighteen  years  of  age  he  had  written 
quite  a  remarkable  treatise  on  cutlery,  which  had  appeared  in  Poor's 
Railway  Journal^  in  1860.  It  followed,  as  a  matter  of  course,  that 
he  was  as  eager  to  write  for  Col  burn's  Gazette  as  Colburn  was  to 
obtain  the  assistance  of  such  a  congenial  contributor.  So,  in  a  short 
time,  the  relations  between  the  two  drew  closer,  and  Holley  and 
Colburn  entered  into  partnership,  editing  the  little  sheet  conjointly. 
It  was  not  long  before  a  marked  success  attended  their  efforts  ;  then 
Colburn  wearied  of  the  work,  and  in  1856  sold  his  share  to  Holley,  and 
emigrated  to  Iowa,  where  he  bought  land  with  the  proceeds  of  the  sale, 
in  obedience  apparently  to  some  passing  fancy  that  prompted  him  for 
the  moment  to  turn  his  hand  to  farming.  For  a  year  longer,  the  paper, 
under  the  changed  nsimeof  HoUey's  Railroad  AdvooaUy  did  fairly  well ; 
the  new  proprietor  bore  the  business  and  editorial  burden  of  the  un- 
dertaking more  systematically  than  Colburn,  I  am  sure,  but  not  with 
the  same  degree  of  feverish  energy  which  Colburn  always  brought 
for  a  time  into  every  new  scheme  he  took  in  hand.  In  1857,  a  great 
wave  of  commercial  disaster  swept  over  the  country,  and  engulfed 
the  Railroad  Advocate.  Colburn  had  wearied  of  Iowa,  and  returned 
to  New  York,  where  he  and  Holley,  on  the  ruins  of  the  paper, 
staited  another  journalistic  venture,  which  lived  for  two  or  three 
months  as  Holley  and  Oolbum's  American  Engineer.  Brief  and  un- 
satisfactory as  these  experiments  in  journalism  had  been,  they  never- 
theless were  attended  with  the  most  useful  and  important  results  to 
both  men.  They  had  lived  by  their  pens  for  two  years,  which  was 
no  small  matter ;  they  had  gained  a  vast  amount  of  experience  of  a 
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varied  character;  they  had,  of  neoessity^  come  in  contact  with  many 
engineers,  and  their  writings  had  been  sufficiently  original  and  strik- 
ing to  attract  much  attention.  The  exiierience  had,  in  fact,  prepared 
them  for  their  next  venture,  one  which  was  destined  to  sever  perma- 
nently the  connection  between  the  two  men,  and  to  open  out  for  each 
new  paths  in  widely  diverging  directions.  The  hard  times  of  1857 
had  absorbed  what  little  money  they  possessed,  but  they  could  claim 
to  be  the  owners  of  a  more  important  capital — ^the  confidence  of  many 
men  of  influence  and  means.  It  was  notorious  that  at  that  time 
the  construction  and  management  of  American  railroads  were  in  a 
deplorably  backward  condition  compared  with  those  of  Euro[)e,  and 
the  brilliant  idea  occurred  to  Holley  and  Colburn  to  get  themselves 
made  delegates  of  some  of  the  principal  railway  companies  in  the 
United  States;  to  travel  over  Europe,  and  to  collect  information  on 
the  railway  practice  of  the  Old  World  which  should  be  made  useful 
for  the  improvement  and  perfection  of  railroads  at  home.  To  secure 
the  patronage  and  assistance  of  many  influential  persons  was  a  work 
of  no  great  difficulty;  and  in  the  summer  of  1857  they  commenced 
their  first  voyage  across  the  Atlantic,  a  voyage  which  was  destined 
to  bear  immediate  fruit,  and  to  lay  the  foundation  for  their  brilliant 
and,  alas !  too  brief  careers. 

Can  you  not  picture  to  yourselves  these  two  young  men  as  they 
started  upon  their  first  and  fateful  voyage;  full  of  generous  enthu- 
siasm ;  overflowing  with  life,  and  with  the  vigor  that  is  born  of  in- 
tellectual power?  Their  early  training  was  completed;  their  ex- 
perience already  wide;  their  powers  of  reception  almost  infinite. 
You  can  imagine  that  their  high  ambition,  if  it  was  vague,  was  as 
unbounded  as  they  felt  the  power  within  them  was  of  achieving  it. 
How  great  their  energy  was,  the  result  of  the  few  weeks'  visit  to 
Europe  on  that  occasion,  still  bears  testimony,  in  the  large  volume 
they  completed  on  the  Permanent  Way  and  Coal-Burning  Boilers 
of  European  Railways.  They  were  of  an  age  when  they  could 
afibrd  to  burn  the  candle  at  both  ends;  and  they  did,  under  forced 
draught.  In  a  memorandum  by  Zerah  Colburn,  now  in  my  posses- 
sion, I  find  the  following  reference  to  this  book :  '*In  1857-58,  I 
wrote  the  large  work,  entitled  the  PermaTient  Way  and  OoaZ-Burn- 
ing  Boilers  of  European  Railways,  Mr.  Holley's  name  appearing 
'as  joint  author  in  consideration  of  our  sharing  the  cost  of  the  under- 
taking, but  more  especially  because  of  the  assistance  rendered  by 
him  in  collecting  information  and  preparing  drawings."  Those  who 
can  read  between  the  lines  of  this  memorandum  will  understand  how 
large  Holley's  part  was  in  the  preparation  of  this  book. 
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At  that  time^  Mr.  Daniel  Kinnear  Clark  had  attained  a  consider- 
able reputation,  both  in  England  and  America,  by  his  very  excellent 
bock  on  Railway  Machinery,  and  it  followed,  •almost  as  a  matter 
of  coarse,  that  he  was  the  first  person  in  London  sought  out  by 
Holley  and  Colbum  when  they  arrived  in  1857.  At  that  time,  I* 
was  a  boy  in  Mr.  Clark's  office ;  I,  like  Holley,  but  in  a  very  humble 
way,  had  been  seeking  despairingly  for  work,  and  a  kind  fate  had 
placed  me  with  Mr.  Clark  in  the  summer  of  1857.  I  never  can  re- 
call, without  the  deepest  thankfulness,  the  mysterious  working  of 
Providence  which,  apparently  by  the  merest  accident,  brought  me  in 
contact  with  these  two  men. 

It  happened  that  they,  coming  direct  to  London,  had  gone  straight 
to  the  office  of  Mr.  Clark,  where  I  was  alone,  and  thus  I  was  the 
first  person  to  shake  hands  with  Holley  on  his  arrival.  Twenty-five 
years  later,  I  was  the  last  Englishman  to  shake  him  by  the  hand  in 
London,  when  we  said  our  final  farewell.  You  cannot  imagine  the 
efiect  which  the  sudden  apparition  of  the  two  young  Americans  in 
the  gloomy  London  office  had  upon  me.  They  appeared  to  me  like 
beings  from  a  superior  world,  so  unlike  were  they  to  any  persons 
I  had  ever  met  before.  Even  with  my  untutored  and  crude  power 
of  perception,  I  could  feel  that  they  were  surrounded  with  an  atmo- 
sphere of  energy  and  intelligence ;  that  they  were  overflowing  with 
vitality.  The  one  seemed  to  me  a  spirit  of  darkness,  the  other  a 
spirit  of  light ;  and  both  so  immeasurably  ray  superiors,  that  I  could 
do  little  more  than  gaze  on  them  in  wonder.  Who  could,  at  that 
time,  have  supposed  that  the  influence  of  these  two  men  was  to  be 
made,  under  Providence,  to  change  and  fashion  my  whole  career ; 
that  they  were  to  show  me  the  i>ath  to  a  future  infinitely  brighter 
and  higher  than  I  could  then  have  planned  in  my  most  sanguine 
dreams?  Yet,  so  it  was  to  be.  Why  they  should,  even  then,  have 
felt  an  interest  in  one  so  ignorant  as  myself,  has  always  been  a  source 
of  wonder  to  me.  I  suppose  there  must  have  been  some  mysterious 
and  inexplicable  bond  of  sympathy;  I  know  that  they  exercised  a 
strange  influence  over  me;  that,  without  my  knowing  it,  they 
widened  and  strengthened  my  mind ;  that  I  absorbed  much  knowl- 
edge from  them.  When  their  brief  visit  came  to  an  end,  and  they 
returned  to  New  York,  most  of  the  light  went  out  of  my  life,  though 
their  influence  remained  behind,  especially  that  of  Holley,  whose « 
bright  individuality  rested  with  me  as  an  ideal,  which  I  might,  per- 
chance, with  time  and  constant  effort,  feebly  imitate.  The  following 
year,  Zerah  Colburn  returned  to  London  alone ;  he  became  the  editor 
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of  the  Engineer^  and  I,  having  sought  him  out,  had  the  privilege  of 
being  closely  and  intimately  associated  with  him  until  the  curtain 
fell  upon  his  tragic  end.  As  no  doubt  you  know,  after  he  returned 
to  England,  in  1858^  he  made  his  permanent  home  there,  with  the 
exception  of  a  few  months  in  1860,  which  he  passed  in  Philadel- 
phia. You  are  also  aware  that  it  was  he  who  founded  the  London 
Engineerifng,  in  1866;  into  the  managementof  this  journal  he  threw 
for  the  first  three  years  the  whole  force  of  his  great  erratic  powers. 
After  their  first  visit  to  London,  and  their  joint  publication  of  the 
volume  on  European  railways,  Holley  and  Colburn,  without  becom- 
ing actually  estranged,  had  but  little  in  common.  The  dark  and 
fiery  genius  of  the  one  was,  in  fact,  so  opposed  to  the  trained  talents 
and  noble  soul  of  the  other,  that  it  was  impossible  for  any  real  and 
lasting  sympathy  to  exist  between  them. 

With  Holley's  return  to  America  in  1868,  or  shortly  afterwards, 
commenced  the  journalistic  epoch  of  his  career.  For  some  years  he 
was  a  valuable  and  industrious  contributor  to  the  New  York  Times, 
and  certainly  never  before  or  since  has  any  daily  newspaper  been  so 
fortunate  in  the  services  of  an  engineering  contributor.  In  1859, 
and  again  in  1860,  he  visited  England  chiefly  to  write  upon  a  sub- 
ject which  was  then  attracting  the  attention  of  the  civilized  world, 
the  Great  Eastern.  This  business  brought  him  into  intimate  contact 
with  the  engineers  of  that  vessel,  Brunei  and  Scott  Russell.  With 
the  last  named  the  acquaintance  ripened  into  a  warm  personal  friend- 
ship which  always  remained.  The  New  York  Timea,  the  Railway 
Review,  inventions  connected  with  the  steam-engine  and  permanent 
way,  and  miscellaneous  literary  employment  kept  HoIIey  closely 
occupied  and  brought  him  plenty  of  reputation,  though  but  little 
money,  until  the  War  of  Secession.  It  is  needless  to  say  that  Holley, 
like  a  good  patriot,  offered  his  able  services  to  the  government,  and 
it  is  interesting  to  add  that  his  offers  were  uniformly  declined.  It 
was  during  this  great  national  crisis  that  Holley,  while  still  holding 
on  to  his  main  support, — a  brilliant  and  facile  pen, — had  the  oppor- 
tunity of  taking  up  work  more  congenial  to  him.  He  was  employed 
by  Mr.  Stevens  in  1862  to  visit  Europe  in  order  to  obtain  informa- 
tion that  might  be  useful  in  the  construction  of  the  Stevens  battery, 
on  which  so  much  time  and  money,  as  well  as,  skill,  were  wasted. 
Mr.  Scott  Russell,  wheat  that  time  had  considerable  interest  in  naval 
and  military  circles,  rendered  Holley  good  service  in  obtaining  for 
him  introductions  and  information,  while  his  own  presence  of  mind 
and  coolness  often  stood  him  in  good  stead  in  obtaining  access  to 
places  the  official  doors  of  which  were  closed  against  him.     It  was 
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this  new  oonnection  that  turned  his  mind  to  the  production  of  that 
important  hand-book  on  Ordnanee  and  Armory  which^  when  com- 
pleted, was  destined  to  remain  for  so  many  years  the  standard  book 
of  reference  on  the  subject.  Like  every  piece  of  work  to  which 
HoIIey  set  his  hand,  this  treatise  bears  on  every  pi^e  evidence  of  his 
capacity  for  taking  infinite  pains.  The  objection  has  been  made  by 
friendly  critics  in  this  country  that  Ordnance  and  Armor  was  scarcely 
worthy  of  its  author.  I  do  not  agree  with  this  criticism ;  and  in  this 
I  am  sustained  by  one  of  the  ablest  practical  designers  of  artillery 
in  the  world,  Mr.  G.  Canet,  who  has  written  to  me  on  this  subject  as 
follows : 

Yoa  have  told  me  that  recently  you  have  had  frequent  occasion  to  study  the  Ord- 
nance and  Armor  of  A.  L.  HoUey.  You  could  not  refer  to  a  better  authority ;  for  it 
is  at  once  the  most  complete  and  the  most  conscientious  work  on  the  history  of 
artillery  that  has  ever  been  published.  The  name  of  HoUey  recalls  to  me  many 
souvenirs  of  the  commencement  of  my  career,  and  I  want  to  tell  you  that  for  me  no 
book  on  the  same  subject  has  ever  been  of  so  much  value.  Holley  wrote  it  at  a  time 
before  artillery  had  become  a  science,  properly  so-called ;  when  even  the  phenomena 
attendinji;  the  combustion  of  gunpowder  were  very  imperfectly  understood.  At  that 
time  the  strains  to  which  gun-carriages  were  subjected  were  not  accurately  known, 
and  correct  gun  design  was  impossible,  because  the  pressures  exerted  upon  the  bore 
of  a  cannon  could  not  be  measured.  When  Holley's  book  appeared  there  existed 
only  a  few  theoretical  essays,  the  records  of  some  doubtful  experiments,  the  ill-sus- 
tained claims  of  a  few  manufacturers,  and  these  were  all  scattered  through  different 
memoirs  and  reports.  Holley  was  the  first  to  make  a  systematic  summary  of  nil 
these  documents ;  to  pass  in  able  review  material,  modes  of  construction,  ballistical 
data,  firing  experiments,  and  penetration  of  plates.  This  last-named  portion  of  his 
work  had  an  especial  value,  for  when  he  wrote  the  art  of  constructing  ironclad 
ships  was  in  its  infancy.  What  I  find  most  remarkable  in  this  work  of  Holley  is, 
that  writing  at  the  period  from  which  modern  artillery  may  be  said  to  date,  he  made 
all  the  data  he  could  obtain  the  object  of  minute  and  careful  study ;  that  every  line 
bears  the  stamp  of  his  own  work ;  that  it  is  an  earnest  study,  and  in  no  sense  a  piece 
of  book  making.  Every  page  contains  abundance  of  detail,  accuracy  in  facts,  and 
a  sureness  of  judgment  which  is  truly  admirable.  His  considerations  on  the  resist- 
ance and  elasticity  of  material,  and  on  the  effects  of  strains  and  vibrations,  show  the 
large  grasp  of  a  truly  scientific  mind.  His  investigations  on  the  subject  of  rein- 
forcing rings  had  at  the  time  a  high  value,  and  to-day  are  of  considerable  interest. 
He  showed  conclusively  that  he  understood  the  absolute  importance  of  gaining  in- 
formation at  every  step  by  experiment,  and  that  theory  is  but  of  comparatively  little 
value  in  gun  manufacture.  It  is  difiSoult  to  realize  all  the  changes  that  have  taken 
place  since  his  time  in  the  construction  of  ordnance.  Steel  of  high  quality  scarcely 
existed,  and  an  entire  revolution  has  taken  place  in  design  and  in  construction.  We 
who  have  followed  carefully  all  the  transformations  that  have  occurred  in  the  art 
during  twenty  years,  and  who  were  familiar  with  it  when  Holley  wrote,  gladly  do 
homage  to  the  man  who  could  produce  such  a  book  from  such  materials.  For  my 
own  part,  I  owe  him  a  debt  of  gratitude,  for  it  was  from  his  pages  that  I  studied  most 
often,  and  whence  I  drew  my  firnt  clear  notions  of  artillery.    I  reverence  him  not 

only  as  a  savant,  but  as  a  master. 

G.  Canet. 
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I  thought  it  would  give  vou  pleasure  to  hear  the  independent  tes- 
timony of  an  eminent  Frenchman  who  never  knew  Holley  except 
through  his  writings  on  this  special  subject.  When  this  book  was 
published,  the  art  of  heavy  gun  construction  was  far  more  tentative 
and  experimental  than  it  is  now,  and  the  classified  collection  of  all 
information  available  up  to  the  date  of  its  publication  served  as  a 
great  aid  in  advancing  a  science  then  in  its  infancy.  The  strictly 
literary  period  of  Holley's  career  was  now  drawing  to  a  close,  and 
though  he  could  never,  as  long  as  he  lived,  abandon  his  innate  love 
for  writing,  he  was  no  longer  compelled  to  rely  on  his  pen  as  a  means 
to  live.  In  May,  1863,  he  finally  decided  upon  turning  his  talent 
and  energies  into  another  channel,  one  that  was  destined  to  lead  him 
to  fame  and  moderate  prosperity. 

The  practical  value  of  the  Bessemer  process  for  manufacturing 
steel  had  by  this  time  become  widely  recognized ;  and  it  followed 
almost  as  a  matter  of  course  that  Holley,  who  was  always  on  the 
lookout  for  some  new  and  good  thing,  felt  intuitively  that  the  time 
for  which  he  had  so  long  waited  had  at  last  arrived.  The  story  of 
the  Bessemer  process  was  at  that  time  no  new  one.  Seven  years 
before,  at  the  Cheltenham  meeting  of  the  British  Association  for  the 
Advancement  of  Science,  Mr.  Bessemer  had  made,  the  first  public 
announcement  of  his  invention.  The  title  of  the  paper  excited  de- 
rision,* its  reading  wild  enthusiasm.  Mr.  James  Nasmyth  said  of 
the  samples  shown  to  the  astonished  audience : ''  Here  are  true  British 
nuggets.'^  A  wave  of  excitement  passed  over  the  country.  One 
result  of  this  paper  was  that  almost  immediately  a  sum  of  $250,000 
was  offered  for  the  English  patents;  another,  that  within  a  month 
£28,000  had  been  paid  for  licenses  to  work  the  process  in  Great 
Britain  alone.  Then  swiftly  followed  a  fierce  reaction,  consequent 
on  fitilures  due  to  hasty  experiments  and  erode  trials.  Abuse  of  the 
inventor  was  as  hearty  as  the  praise  had  been  fulsome  a  few  weeks 
before. 

The  newspapers  of  the  day  were  unanimous  in  condemning  the 
process  as  delusive  and  useless,  and  referred  to  it  as  ''  a  brilliant 
meteor  that  had  flitted  across  the  metallurgical  horizon,  dazzling  all 
beholders  for  a  moment,  only  to  die  out  and  leave  no  trace  behind.'' 
As  a  lasting  tribute  to  the  sagacity  of  the  Council  of  the  British  As- 
sociation, I  may  add  that  that  astute  body  refused  to  admit  the  paper 

*  "On  the  Manafactare  of  Malleable  Iron  and  Steel  without  Fuel/'  read  August 
13, 1856. 
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in  their  published  transaotions.  In  the  faoe  of  terrible  difficulties  and 
disoouragementSy  Mr.  Bessemer  worked  steadily  on,  and  in  the  course 
of  a  few  years  be  established  works  at  Sheffield,  where  the  process 
was  still  in  an  experimental  stage  when  Holley  first  visited  them. 
In  a  letter  I  recently  received  from  Mr.  W.  D.  Allen,  the  brother- 
in-law  of  Sir  Henry  Bessemer,  and  who  was  then,  as  he  still  is,  the 
manager  of  those  works,  the  following  appreciative  remarks  about 
HoUey  occur : 

Bbssembb  &rEEL  WoKKs,  Sheffield. 
July  14, 1890. 
Mt  dsab  Mb.  Dbedos: 

I  have  indeed  many  cherished  recollections  of  my  relations  with  Mr.  Holley, 
and  if  the  few  following  facts  have  any  interest,  pray  make  what  use  of  them  you 
think  proper. 

Mr.  Holley  came  to  Sheffield  in  1864.  He  was  then  a  bright,  intelligent  young 
fellow  (he  did  not  look  one-and-twenty),  genial  and  open-hearted  to  a  fault.  America 
was  never  represented  by  a  more  perfect  gentleman,  or  one  more  calculated  to  win 
the  respect  and  esteem  of  all  those  he  came  in  contact  with  in  this  country.  Indeed, 
the  handsome  young  American  not  only  won  our  esteem  but  our  hearts.  He  came 
with  the  intention  of  gathering  what  knowledge  and  facts  he  could  relative  to  the 
Bessemer  process  of  steelmaking,  and  with  that  view  he  passed  several  months  at 
our  works,  observing  and  mastering  the  details  of  the  process,  so  that  I  saw  a 
good  deal  of  him,  and  was  associated  with  him  during  the  greater  part  of  his 
visit. 

He  applied  himself  very  assiduously  to  the  object  he  had  in  view ;  was  mostly  at 
the  works  by  nine  in  the  morning,  and  frequently  remained  till  nine  or  ten  at  night 
to  witness  some  special  operation ;  for  I  must  tell  you  that  at  that  time  our  own 
career  was  so  young  that  we  were  frequeutly  occupied  in  the  application  of  our  ma- 
terial to  some  new  and  useful  purpose.  In  these  experiments  Mr.  Holley  always 
took  much  interest. 

As  regards  the  process  itself,  he  was  most  enthusiastic,  and  from  the  first  pro- 
nounced it  a  ''grand  thing  for  America."  His  desires  and  aspirations  were  concen- 
trated upon  introducing  it  into  that  country,  and  his  efforts  were  mainly  instru- 
mental in  doing  so. 

It  gave  me  very  great  pleasure  when  I  heard  that  his  countrymen  had  decided 
that  the  memory  of  so  distinguished  a  man  and  so  great  a  benefactor  to  his  country 
should  not  be  overlooked. 

I  am,  dear  sir. 

Yours  very  truly, 

W.  D.  Allen. 

The  Sheffield  Bessemer  Works,  in  1864,  were  on  a  very  small 
scale;  they  only  comprised  two  3-ton  converters  and  a  corresponding 
plant.  Holley  came  from  America  upon  this  business  as  the  repre- 
sentative of  Messrs.  Corning,  Winslow  &  Co.,  a  firm  that  was  after- 
wards changed  to  Winslow,  Griswold  &  Holley.  His  mission  was 
to  purchase  the  Bessemer  patents  for  the  United  States,  to  learn  the 
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process,  and  aflterwards  to  inaugurate  the  new  industry  at  home. 
As  he  said,  that  journey  was  no  pleasure  trip ;  but  he  came  back 
successful  on  all  points,  and  the  following  year  the  works  at  Troy 
were  built. 

As  is  the  case  with  so  many  great  inventions,  a  number  of  active 
minds  were  turned  towards  the  manufacture  of  steel,  stimulated 
thereto  by  Bessemer's  success  and  his  reputed  failures.  Prominent 
among  these  in  the  United  States  was  W.  Kelley,  of  Eddyville, 
Kentucky ;  and  your  talented  countryman,  Mr.  W.  F.  Durfee,  ad- 
dressed himself  to  the  practical  development  of  this  invention ;  it 
was  he  who  constructed  the  experimental  steel  works  at  Wyandotte, 
Michigan.  This  was  in  1862,  the  year  of  the  great  International 
Exhibition  in  London,  where  Holley  had  ample  opportunity  of 
studying  the  products  of  the  Bessemer  converter.  We  may  be  cer- 
tain that  what  he  saw  there  convinced  him  of  the  importance  of  the 
process  for  the  United  States.  His  judgment  was  confirmed  by  that 
of  Zerah  Colburn,  who,  with  his  usual  foresight,  had  some  time  be- 
fore become  a  strong  advocate  of  the  process.  Writing  in  the  Lon- 
don Engineer  in  1862,  Zerah  Colburn  said:  ''The  fact,  that  as  a 
substitute  for  wrought  iron,  at  least  where  facility  of  welding  is  not 
of  special  consequence,  the  Bessemer  metal  is  now  known  to  be  of 
established  trustworthy  character,  is  of  itself  a  most  important  one ; 
and  as  those  who  fully  know  the  process  are  aware  that  ingots  can 
be  turned  out  by  it  at  £6  per  ton,  and  finished  rails  at  less  than  £10, 
we  have  only  to  await  the  time  when  through  aimpetition  this  metal 
has  been  cheapened  to  an  extent  which  will  insure  its  general  appli- 
cation for  the  many  purposes  to  whicb  it  is  so  admirably  fitted." 

When  Holley  returned  to  America  early  in  1864,  having  pur- 
chased the  American  patents  and  learned  the  process,  he  and  his 
associates  found  themselves  confronted  with  the  risks  of  costly  liti- 
gation. It  was  claimed  that  the  Kelley  patents  preceded  and  covered 
those  of  Bessemer,  but  after  some  delay  this  difficulty  was  removed 
by  compromise.  Indeed,  on  Mr.  Durfee's  own  showing,  the  costly 
experiment  to  prove  the  value  of  the  Kelley  patents  was  really  only 
a  test  of  the  Bessemer  process.  In  an  interesting  paper  read  before 
your  Society  of  Mechanical  Engineers  in  1884,  Mr.  Durfee  says, 
with  perfect  frankness :  '^  I  possessed  myself  of  all  the  information 
attainable  concerning  the  Bessemer  process,  and  as  it  was  confidently 
expected  that  Mr.  Z.  S.  Durfee  would  be  successful  in  his  eflbrts  to 
purchase  the  American  patents  issued  to  Bessemer  for  the  various 
forms  of  apparatus  for  the  production  of  steel  by  the  pneumatic 
method,  it  was  thought  only  to  be  anticipating  the  acquisition  of 
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property  rights^  to  use  such  parts  of  his  invention  as  seemed  suited 
for  the  purpose."  The  Wyandotte  experiment  developed  no  great 
results,  but  for  it  can  be  claimed  the  first  production  of  Bessemer 
steel  in  the  United  States,  and  the  first  output  of  steel  rails.  After 
the  return  of  Holley  to  America  in  1864,  the  Troy  Works  were 
started,  and  the  first  charge  of  Bessemer  metal  was  made  on  February 
16,  1865.  Let  me  refer  you  to  Mr.  B.  W*  Hunt's  interesting  paper 
on  the  original  Bessemer  steel  plant  at  Troy,  read  before  your  Society 
of  Mechanical  Engineers  in  1884.  You  will  see  from  it  that  Troy 
was  only  a  small  works  with  two  2-ton  converters,  but  such  capital 
steel  was  produced,  that  enterprise  and  capital  were  convinced. 
During  the  month  of  May,  1865,  less  than  twelve  weeks  after  the 
works  were  started,  ^eighty  charges  were  made,  giving  118  tons  of 
steel  with  16.7  per  cent,  of  loss;  immediately  aft:er  this  the  works 
were  extended  by  the  installation  of  a  plant  that  included  two  5-ton 
converters ;  Mr.  Z.  S.  Durfee  assumed  the  charge  of  the  establish- 
ment, and  Holley  proceeded  to  construct  steel  works  in  other  parts 
of  the  country,  commencing  with  those  of  the  Pennsylvania  Steel 
Company  at  Harrisburg. 

The  thorough  efficiency  of  the  Bessemer  process  having  been  thus 
demonstrated,  there  was  no  limit  to  the  supply  of  capital  required 
for  the  erection  of  steel  works,  and  Holley  rapidly  found  himself 
almost  unable  to  satisfy  the  demands  made  upon  him  for  designing 
and  starting  new  establishments.  He,  however,  never  knew  what 
it  was  to  have  too  much  occupation ;  and  the  finest  steel  works  in 
your  country  bear  evidence  of  his  skill  and  industry :  those  of  North 
Chicago  and  Joliet,  the  Edgar  Thomson  Works  at  Pittsburgh,  the 
Vulcan  Works  at  St.  Louis,  the  Cambria,  the  Bethlehem,  the  Scran- 
ton,  and  other  works,  were  built  under  his  instruction  and  from  his 
plans.  But  more  than  this;  Holley  completely  modified  the  details 
of  the  Bessemer  process  as  he  had  learnt  it  in  England  ;  he  adapted 
it  to  the  special  requirements  of  the  American  manufacturer,  who 
was  enabled,  through  the  modifications  he  designed,  to  produce  those 
stupendous  outputs  of  steel,  the  records  of  which  were  so  long  re- 
ceived in  England  with  incredulity.  This  i%  what  the  joint  inventor 
of  the  Basic  process,  Mr.  Percy  C.  Gilchrist,  wrote  to  me  upon  the 
subject  of  Holley's  modifications  and  improvements : 

101  Palace  Chambers,  Westminsteb,  London, 

July  14. 1890. 
I  have  the  greatest  admiration  for  the  work  Holley  achieved,  as  I  think  that 
the  present  proud  position  of  the  American  steel  trade  is  very  largely  due  to  his 
genius.    A  lesser  man  would  have  copied  the  European  steel  works,  bat  instead  of 
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■ 

this  he  picked  out  the  weak  placef,  and  in  the  American  works  that  were  forta- 
natelj  subject  to  his  advice,  one  sees  how  their  defettts  were  avoided  by  him,  how 
break-downs  were  eliminated,  labor  saved  and  output  consequently  increased. 

Holley,  from  the  very  first,  appreciated  the  Basic  process,  and  wa^  most  kind 
and  generous  in  his  appreciation ;  he  suggested  at  an  early  date  that  the  more  rapid 
wear  of  the  Basic  lining  of  the  converter  should  be  met  by  removing  the  shell  of 
the  converter  with  its  worn-out  lining  from  its  belt,  and  by  replacing  it  with  a  fresh 
shell  ready-lined ;  this  plan  was  put  into  practice  by  Mr.  Arthur  Cooper  at  the 
North- Eastern  Street  Company's  Works  at  Middleborough,  and  is  giving  excellent 
results. 

I  regret  to  say  that  I  saw  very  little  of  HoUey  myself,  but  my  cousin,  the  late 
Sydney  Gilchrist  Thomas,  saw  a  good  deal  of  him ;  they  had  much  in  common, 
both  in  ability,  go-aheadness  and  perseverance,  and  they  had,  I  know,  an  intense 
admiration  for  each  other. 

Yours  very  truly, 

JPURCT  C.  OlLCHSIST. 

One  of  yoar  own  engineers^  Mr.  R.  W.  Hunt,  has  summarized 
Hollej's  work  in  this  direfction.     He  says : 

**  The  resnlt  of  his  thought  gave  us  the  present  accepted  type  of  American  Bes- 
semer plant ;  he  did  away  with  the  English  deep  pit,  and  raised  the  vessels  so  as 
to  get  working  space  under  them  on  the  ground  floor ;  he  substituted  top-supported 
hydraulic  cranes  for  the  more  expensive  counterweighted  English  ones;  he  put 
three  ingot  cranes  round  the  pit  instead  of  two,  and  thereby  obtained  greater  area 
of  power ;  he  changed  the  location  of  the  vessel  as  related  to  the  pit  and  meltings 
house ;  he  modified  the  ladle  crane  and  worked  all  the  cranes  and  vessels  from  a 
single  point ;  he  substituted  cupolas  for  reverberatory  furnaces ;  and  last,  but  by  no 
means  least,  he  introduced  the  intermediate  or  accumulating  ladle,  which  is  placed 
on  scales,  and  thus  insures  accuracy  of  operation  by  rendering  possible  the  weigh- 
ing of  each  chaise  of  melted  iron  before  pouring  it  into  the  converter.  After  build- 
ing such  a  plant,  he  began  to  meet  the  difficulties  of  details  in  manufacture,  among 
the  most  serious  of  which  was  the  short  duration  of  the  vessel-bottoms,  and  the  time 
required  to  cool  off  the  vessels  to  a  point  at  which  it  was  possible  for  workmen  to 
enter  and  make  new  bottoms.  After  many  experiments,  the  result  was  the  Holley 
vessel-bottom,  which  either  in  its  form  as  patented,  or  in  a  modification  of  it  as  now 
used  in  all  American  works,  has  rendered  possible,  as  much  as  any  other  one  thing, 
the  present  immense  production.'' 

Vastly  as  all  these  modifications  tended  to  increase  the  output,  I 
think  it  is  necessary  to  include  one  other  factor  that  has  helped  to 
obtain  such  extraordinary  results,  the  perfect  organization  of  the 
managing  engineers  and  the  remarkable  efficiency  of  the  American 
workmen.  On  this  point  a  prominent  English  steel-maker  wrote  to 
me  recently,  after  a  visit  he  had  paid  to  several  of  your  leading 
works :  '^  Of  course,  the  output  was  very  large  from  each  pit,  and 
this  was  attained  by  great  facilities  for  bringing  up  and  getting  away 
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materials,  and  keeping  everything  at  high  pressure.  The  men,  I 
dare  say,  are  paid  well,  but  it  was  hot  weather  when  I  was  there, 
and  they  were  certainly  selling  their  lives." 

But  apart  from  organization  and  skilled  labor,  the  marvellous 
growth  of  production  from  Bessemer  vessels  in  the  United  States 
must  be  credited  to  Holley.  The  fifteen  years'  development  may  be 
briefly  summed  up  as  follows:  In  1865,  the  output  from  two  2-ton 
converters  in  a  month  was  118  tons ;  in  1880  the  output  from  two 
5-ton  converters  was  14,000  tons.  In  1866  the  Pennsylvania  Rail- 
way Company  purchased  from  Messrs.  John  Brown  &  Co.  5000 
tons  of  Bessemer  rails  at  $120  (gold)  per  ton  ;  last  year  the  produc- 
tion of  Bessemer  rails  in  the  United  States  was  about  1,644,000  tons. 
In  the  year  1868  the.  total  output  of  Bessemer  steel  in  America  was 
8500  tons ;  the  same  year  in  England  it  was  110,000  tons.  In  1879 
your  production  equalled  ours,  and  from  that  date  has  always  ex- 
ceeded it,  until  the  last  year  it  reached  the  amazing  figure  of  3,169,- 
643  tons,  which  was  one  million  tons  more  than  that  of  the  United 
Kingdom.  Since  the  first  charge  was  blown  at  the  Troy  Works  in 
1865,  there  have  been  produced  in  America  upwards  of  25  million 
of  tons  of  Bessemer  steel.  And  this  is  the  record  of  the  last  eighteen 
years  of  Holley's  life. 

•  So  the  busy  years  passed,  bringing  with  them  a  rich,  if  tardy, 
harvest  of  fame  to  Holley.  He  continued  to  be  recognized  as  the 
one  great  authority  in  America  on  Bessemer  steel ;  in  Europe  his 
reputation  stood  nearly,  if  not  quite,  as  high.  We  all  remember  the 
prominent  part  he  took  in  the  Centennial  Exhibition  of  1876;  his 
admirable  reports  on  the  iron  and  steel  exhibits  of  that  year,  which 
were  followed  by  a  long  and  masterly  series  of  articles  on  the 
steel  works  of  the  United  States — ^a  series  which,  unfortunately,  re- 
mained unfinished.  Some  of  us  have  had  the  privilege  of  studying 
his  annual  and  confidential  reports  on  the  steel  manufacture  of  the 
world.  These  reports  are  marvels  of  technical  skill  and  labor ;  they 
attest  also  the  unlimited  confidence  which  he  commanded  both  at 
home  and  abroad ;  in  the  steel  works  of  Europe,  as  well  as  those  of 
the  United  States.  They  were  the  result  of  periodical  visits  to  Eng- 
land and  the  continent,  and  were,  during  the  last  years  of  his  life, 
prepared  solely  for  the  use  of  the  Bessemec  Association,  with  which 
he  had  entered  into  confidential  relations.  The  gates  of  every  steel 
works  in  Europe  were  open  to  him,  and  from  him  no  manufacturers' 
secrets  were  withheld.  It  was  quite  a  unique  position  which  he  then 
occupied ;  one  for  which  his  long  training,  high  intelligence,  and 
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perfect  integrity  absolutely  fitted  him.  Manufactarers  knew  well 
that  their  secrets  were  safe  in  his  hands ;  that  if  they  gave  him  mach, 
he  broaght  still  more  to  them ;  that  his  visits  were  always  useful 
and  suggestive,  and  that  the  exchange  of  American  experiences  for 
their  own  never  left  Hoi  ley  their  debtor.  There  was  also  another 
aspect  to  these  annual  visits.  Time,  hard  work,  and  the  cares  of  a 
busy  life,  had  never  withered  the  great  charm  of  Holley's  character ; 
but,  on  the  contrary,  his  personal  influence  and  indefinable  power  of 
attraction  had  increased  with  years.  He  was  loved  as  much  as  he 
was  admired;  he  was  as  popular  in  France,  in  Germany,  and  in 
Belgium,  as  he  was  in  England  or  the  United  States.  I  could  have 
laid  before  you  to-day  proofs  of  this  till  you  would  have  wearied  of 
them.  You  have  already  heard  how  the  council  of  an  institution, 
respected  throughout  the  world — the  Institution  of  Civil  Engineers 
— have  expressed  themselves  about  Holley,  speaking  from  personal 
knowledge  of  him.  You  have  heard  what  were  the  sentiments  of 
Mr.  Allen,  in  the  early  days  of  the  Bessemer  industry,  sentiments 
which  grew  warmer  with  the  passing  years.  Let  me  read  you  a  few 
more  expressions  of  opinion  from  distinguished  men  in  England  and 
the  continent  of  Europe.  Mr.  James  Riley,  of  the  Steel  Works  of 
Scotland,  Glasgow,  writes : 

I  regret  that  it  will  not  be  poesible  for  me  to  be  present  on  the  interesting  occa- 
sion wheD  the  monument  to  Mr.  Holley  will  be  nnveiled  and  you  will  deliver  the 
iDaugural  address,  and  that  I  shall  therefore  be  deprived  of  the  privilege  of  thus 
manifesting  my  sympathy  with  the  sentiment  which  will  culminate  in  the  ceremony 
of  that  day. 

It  was  my  privilege  and  pleasure  to  know  Mr.  Holley  daring  several  years,  in  the 
latter  of  which  I  think  I  may  say  that  our  aoqnaintance  became  as  intimate  as  the 
circnmstances  of  time  and  distance  rendered  possible.  I  think  I  am  correct  in  stating 
that  for  the  last  ten  years  of  his  life  he  never  came  to  Europe  without  visiting  me, 
the  last  occasion  being  the  one  he  left  us  bravely  struggling  with  the  disease  to  which 
he  finally  succumbed. 

Daring  these  years  of  acquaintance  of  more  or  less  intimate  character,  I  had 
leamt  to  admire  and  esteem  Mr.  Holley,  and  the  more  I  knew  of  him  the  greater 
was  the  regard,  and  may  I  say  affection,  I  felt  for  him.  One  admired  his  great  abili- 
ties, esteemed  him  for  his  frank,  honest,  manly  nature,  but,  more  than  this,  one  was 
drawn  to  the  man  by  the  grace  and  charm  of  manner  and  conduct  which  he  pos- 
sessed in  such  high  degree.  Feeling  thus  regarding  Mr.  Holley,  I  am  glad  to  know 
that  the  engineers  of  America  have  taken  steps  to  perpetuate  his  memory,  that 
we  are  invited  to  participate  in  (his  action  on  their  part,  and  that  you  are  to  give 
expression  to  our  admiration  and  esteem  on  the  occasion  of  the  inaugural  cere- 
mony. 

Yours  faithfully, 

Jambs  RhjSY. 
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Mr.  E.  Windsor  Richards  writes  to  me  as  follows : 

Low  MooB  Iron  Works,  keab  Bradford,  Yorkbhirb, 

Aiigost  11, 1890. 
Jameb  Dredge,  Esq. 

Dear  Sir:  I  am  verj  much  pleased  to  learn  that  a  statue  is  to  be  erected  to  the 
memorj  of  our  lamented  friend,  A.  L.  Hollej,  in  Central  Park,  New  York,  and 
will  be  unveiled  by  you.  It  would  be  very  gratifying  to  me  to  be  present  on  that 
occasion,  as  I  held  him  in  the  very  highest  esteem.  It  was  sad  that  he  should  have 
gone  from  us  when  in  the  full  ripeness  of  his  career,  when  his  abilities,  sound  com- 
mon sense,  and  good  qualities  had  become  so  well  known  to,  and  appreciated  by» 
the  leading  metallurgists  and  engineers  in  the  old  country. 

Holley  had  a  very  difficult  part  to  perform,  one  requiring  great  judgment  and 
knowledge  of  men.  Few  succeed  as  he  did.  Manufacturers  generally  most  jeal- 
ously guard  their  trade  matters.  Holley  disarmed  them  by  being  always  as  ready 
to  communicate  information  as  to  receive  it ;  he  had  always  something  of  the  highest 
interest  in  engineering  and  metallurgical  matters  to  discuss. 

Nine  years  ago  at  this  season  he  was  directing  the  route  for  my  visit  to  the  States, 
a  visit  which  afforded  me  so  much  pleasure  and  instruction,  and  which  added  many 
more  names  to  my  list  of  American  friends. 

I  am,  indeed,  glad  that  so  many  of  his  countrymen  have  joined  to  do  honor  to 
the  memory  of  a  man  so  eminent,  so  amiable,  and  so  genial. 

Yours  faithfully, 

£.  Windsor  Richards. 

London. 

From  France  I  bring  yon  a  message  from  Messrs.  Schneider  et 
Cie,  of  Le  Creusot : 

Le  Creusot,  July  18, 1890. 
Sir: 

We  have  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  14th  Inst.,  to 
which  we  hasten  to  reply.  It  was  a  fortunate  inspiration  to  combine,  as  you  have 
undertaken  to  do,  the  expressions  of  opinion  of  those  engineers  who  had  the  privi- 
lege to  hold  relations  with  Alexander  L.  Holley,  and  we  are  grateful  to  you  for 
having  thought  of  us,  who  have  always  preserved  such  an  agreeable  recollection  of 
our  cordial  intercourse  with  him  in  the  past. 

The  bright  intelligence  which  he  brought  to  bear  on  all  metallurgical  questions ; 
the  great  range  of  his  information  which  an  indefatigable  energy  enabled  him  con- 
stantly to  extend ;  the  readiness  and  grace  with  which  he  lent  himRelf  to  the  ex- 
change of  ideas,  which  were  always  valuable  coming  from  a  man  of  his  high  intel- 
lectual standard,  secured  for  him  the  highest  rank  in  the  esteem  of  those  who  knew 
him,  and  we  are  happy  in  having  the  privilege  to  offer  to  his  memory,  with  our 
fullest  sympathy  with  the  engineers  of  the  United  States,  the  sincere  testimony  of 
our  esteem  and  of  our  highest  consideration. 

SCtfNISIDER  ET  ClE. 

From  Grermany,  the  Ruhrort  Steel  Company  write : 
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Rhbinische  Stahlwebke  in  Buhbobt, 
July  14, 1890. 
Deab  Sib: 

Id  reply  to  yoar  esteemed  favor  of  7th  inat.,  we  beg  to  express  to  you  oar  never- 
ceasing  regret  at  the  loss  the  profession  sustained  in  the  death  of  A.  L.  HoUeji  and 
we  are  deeply  gratified  to  know  that  his  countrymen  are  about  to  commemorate  his 
important  services  to  induKtry  and  science,  and  to  keep  alive  his  memory  by  the 
erection  of  a  monument  to  him. 

We  take  advantage  of  the  &ct  that  you  are  going  to  New  York  on  the  occasion 
of  the  inaugural  ceremony,  and  we  hereby  request  you  to  impress  upon  our  Ameri- 
can friends  and  colleagues  our  complete  and  heartfelt  sympathy  with  them  in  the 
realization  of  their  honored  work.  The  great  esteem  in  which  we  held  our  late 
friend  and  brother  engineer,  fills  us  with  a  sentiment  of  keen  regret  that  we  shall 
not  be  able  to  assist  personally  at  the  ceremony.  We  thank  yon,  therefore,  for 
having  undertaken  the  kindly  mission  of  acting  as  the  interpreter  of  our  high  regard 
for  the  memory  of  our  dead  friend,  for  whom  we  shall  always  retain  the  warmest 
afiectioD. 

With  our  sincere  regards,  we  are,  etc., 

The  Dibbctorate  of  the  Buhbobt  Steel  Woeiks. 

From  Austria^  I  have  the  following  commaDioation : 

WiTKOwiTz  Steel  Wobks,  Axtbtbia, 
July,  1890. 
DBA.B  Sib: 

It  was  with  heartfelt  satisfaction  that  we  learned  from  your  esteemed  favor  of  the 
7th  inst  that  the  memory  of  that  great  American  engineer,  A.  L.  Holley,  is  to  be 
honored  and  preserved  by  a  memorial  column,  and  that  this  monument  is  to  be  un- 
veiled in  the  presence  of  those  European  engineers  who  are  invited  to  enjoy  the 
hospitality  of  our  American  colleagues.  We  owe  Mr.  Holley  much  for  the  valuable 
information  and  suggestions  we  received  from  him  when  he  visited  our  works,  and 
his  memory  will  always  be  warmly  cherished  by  us,  as  much  on  account  of  his  rare 
amiability  and  charm  of  character  as  for  his  great  professional  talenL  We  ask  yon 
to  extend  in  our  name  and  on  our  behalf  a  very  warm  and  hearty  greeting  to  the 
engineers  of  the  United  States,  whose  visits  to  our  works  have  always  been,  and 
ever  will  be,  welcome. 

We  are,  dear  Sir,  yours  faithfully. 

The  Dibectors  of  the  Witkowitz  Steel  Wobeb. 

From  the  John  Cockerill  Works  at  Seraing,  M.  Greiner^  an  able 
metallurgical  engineer,  and  an  old  and  valued  friend  of  Holley,  in«- 
trusts  me  with  the  following  message  to  jou : 

SOCI^]^  COCKEBILL,  SeBAINO,  BELGIUM,. 

August  6, 1890. 
Deab  Mb.  Dbedoe: 

At  the  moment  when  the  engineers  of  the  United  States  are  preparing  to  render 
solemn  homage  to  their  illustrious  eot^-^re,  A.  L.  Holley,  you  have  done  me  the 
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honor  to  ask  me  to  communicate  through  yon  my  opinion  of  this  eminent  engineer 
who  was  80  prematurely  removed  from  science,  from  industry,  and  from  the  affection 
of  his  many  friends.  I  cannot  better  reply  to  your  kind  invitation  than  by  recall- 
ing some  personal  souvenirs  that  are  associated  with  the  numerous  visits  made  by 
HoUey  on  the  Continent  after  he  had  quitted  the  Troy  Works,  where  he  made  his 
d&nU  in  Bessemer  steel-making  manufacture  in  America.  This  establishment  had 
many  points  in  common  with  the  steel  works  of  Seraing,  of  which  I  was  the  engi- 
neer as  long  ago  as  1864,  and  this  was  the  cause  of  our  friendship,  as  well  as  the 
reason  of  our  first  meeting.  From  the  commencement,  Troy  and  Seraing  manufac- 
tured steel  by  the  Bessemer  process,  of  many  classes  and  for  all  purposes.  Holley 
thought  as  I  did, — and  confirmed  his  opinions  by  the  results. he  obtained, — that  the 
converter,  properly  employed,  could  be  made  to  yield  all  the  qualities  of  steel  re- 
quired by  commerce,  from  the  more  ordinary  metal  adapted  for  rails  to  the  high- 
class  steels  required  for  ordnance,  rifles,  springs,  etc.  When,  extending  the  field  of 
his  operations,  he  was  called  successively  to  assist  at  the  creation  of  ell  the  steel 
works  in  the  United  States,  our  relations  became  more  intimate, — not  because  he 
had  much  to  learn  from  us  so  far  as  mechanical  applications  or  general  designs  were 
concerned,  because  in  all  these  things  he  was  a  past  master,  but  because  he  was 
struck  with  the  extreme  moderation  in  our  cost  of  manufacture,  and  it  was  in  the 
comparison  of  Belgian  with  American  net  prices  that  he  found  matter  for  study  and 
reflection  which  strengthened  our  relations  and  made  them  more  closely  intimate. 
And  then  there  was  something  else  which  drew  us  to  him.  In  the  midst  of  hb  in- 
cessant journey  ings  from  works  to  works  across  the  continent ;  in  his  indefatigable 
researches  after  new  details  and  processes,  or  fresh  applications ;  with  that  untired 
ardor  which  astonished  us  all,  he  loved  to  come  to  us  sometimes  to  rest  for  a  few 
days,  intervals,  alas !  that  occurred  too  seldom  and  were  always  too  short,  and  he 
found  in  the  beautiful  country  that  we  loved  to  traverse  together,  always  discussing 
technical  subjects,  landscapes  that  recalled  to  him,  on  a  small  scale*  your  beautiful 
Pennsylvania. 

Besides  the  engineer  and  the  man  of  science,  Holley  was  a  true  artist,  with  ele- 
vated sentiments  and  impressionable  feelings  before  the  beautiful  spectacles  of 
nature;  and  besides  this,  he  was  also  a  man  who  did  not  diedain  to  mingle  bright 
pleasantry  with  the  gentle  philosophy  with  which  he  knew  how  to  surround  every- 
thing. The  first  time  that  I  saw  Holley  we  visited  together  the  works  at  Terre 
Noire  to  examine  the  results  obtained  by  the  addition  of  a  certain  quantity  of  phos- 
phorus in  rail  steel  without  detriment,  so  it  appeared,  to  their  quality.  The  last 
time  we  met  it  was  still  the  question  of  phosphorus  that  brought  us  together,  but 
this  time  on  a  more  serious  matter.  We  visited,  with  Thomas  (alas!  he  is  dead, 
too)  and  Mr.  C.  P.  Sandberg,  the  beautiful  grotto  of  Han,  on  the  Lesse.  In  one  of 
these  subterranean  halls,  strangely  and  rugg^ly  broken  up  by  stalactites  and  stal- 
agmites that  our  guide  illumined  for  us  with  the  glare  of  his  torch,  Holley  said 
laughingly  to  Thomas  that  he  felt  as  if  he  were  in  the  interior  of  a  gigantic  basic 
converter.  Now,  this  was  the  time  (1878)  when  poor  Thomas  had  not  succeeded  in 
making  a  satisfactory  lining  to  his  converters,  and  which,  after  every  charge,  pre- 
sented the  most  curious  and  wild-looking  appearance.  It  was  a  gift  of  Holley's 
that  he  was  able,  on  the  spur  of  the  moment,  to  make  the  most  striking  and  humor- 
ous comparisons;  and  in  his  lighter  moments,  in  the  company  of  his  friends,  his 
conversation  scintillated  with  the  bright  sparks  of  his  wit. 

I  do  not  feel,  my  dear  Mr.  Dredge,  that  I  have  any  right  to  say  all  that  I  think 
about  Holley's  noble  qualities.  Voices  with  more  authority  than  mine — and  yours 
especially — will  bear  witness  to  the  splendid  work  of  the  engineer,  the  remarkable 
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pnblicatioDfl  of  the  man  of  letters,  the  undisputed  judgment  of  the  man  of  science ; 
bnt  if  to  this  testimony  I  have  nothing  to  add,  I  cannot  refrain,  at  the  risk  of  re- 
peating that  which  doubtless  you  will  feel  yourself  called  upon  to  say,  that  I  can 
never  hope  to  meet  in  the  course  of  my  career  a  man  whose  soul  was  more  noble, 
whose  character  was  more  loyal  and  more  frank,  whose  tact  and  sentiment  were 
more  delicate,  and  whose  charming  manner,  whether  in  business  or  in  private  rela. 
tioos,  was  more  striking.  He  was,  if  I  may  thus  dare  to  express  myself,  a  true  type 
of  the  "gentleman  engineer,''  and  it  is  thus  that  he  will  ever  remain  in  my  memory. 
It  is  with  very  dee^  regret  that  I  have  to  abandan  my  intention  of  joining  the 
members  of  the  Iron  and  Steel  Institute  in  the  visit  to  their  09nfrh'es  of  the  United 
States,  who  have  chosen  the  happiest  moment  to  immortalize  the  name  of  their 
£imoas  compatriot  Alexander  Holley,  by  unveiling  his  statue  in  the  midst  of  the 
sympathetic  acclamations  of  the  engineers  of  the  Old  and  New  Worlds. 

Believe  me,  dear  Mr.  Dredge, 

Tours  most  faithfully, 

A.  GKEINEm. 

Had  it  been  neoessary  I  could  have  multiplied  these  evidenees  of 
friendship  and  good  will  tenfold.  But  I  think  I  have  brought  you 
snflScient  **  voices  from  beyond  the  sea  to  speak  to  you  of  Holley's 
work  and  worth;"  enough  evidence  of  how  he  was  admired  and 
esteemed  abroad/' 

A  passing  reference  should  be  made  to  the  Thomas-Gilchrist  pro- 
cess of  making  Bessemer  steel,  which  was  brought  into  prominent 
notice  only  three  years  before  the  close  of  Holley^s  career,  at  a  time 
when  his  continued  efforts  had  already  broken  down  his  magnificent 
constitution.  The  ill-fated  Mr.  Thomas  in  some  respects  resembled 
Holley,  and  they  had  sufficient  subjects  of  interest  in  common  to 
create  a  strong  bond  of  sympathy  between  them.  Always  eager  to 
know  of  what  was  new  and  of  apparent  value,  Holley  speedily  made 
himself  master  of  the  basic  process  and  passed  considerable  time  with 
the  inventors  at  the  works  where  the  method  was  in  operation.  He 
quickly  formed  a  high  estimate  of  the  value  of  the  process,  and  made 
preliminary  arrangements  with  Mr.  Thomas  for  its  introduction  into 
the  United  States.  Partly  as  a  consequence  of  this  arrangement, 
Thomas  visited  the  States  in  1879  and  passed  some  weeks  with 
Holley,  inspecting  the  principal  of  your  steel  works.  It  was  on  one 
of  these  occasions  that  Holley  made  the  remark  to  Thomas,  when  he 
was  fatigued  and  wanted  to  sit  down,  '^  that  he  must  send  over  to 
£ngland  if  he  wished  to  find  a  cool  ingot-mould."  I  think  that 
Holley's  early  death  was  the  sole  reason  why  the  Thomas-Gilchrist 
process  is  so  little  employed  in  the  United  States ;  the  good  opinion 
that  Holley  formed  at  the  commencement  has  been  fully  justified  by 
its  large  and  successful  adoption  on  the  continent  of  Europe.     In 
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this  oonneotioD,  Mr.  Arthur  Cooper^  manager  of  the  I^orth-Ekstern 
Steel  Companyy  of  Middlesbrough^  and  one  of  HoIIey's  friendsj  writes 
me  as  follows : 

The  North-Eastkbv  Stekl  Compakt,  LiMrrxD. 
Middlesbrough,  Augast  4, 1890. 

Mt  Dear  Sib:  ^ 

As  one  of  Hollej's  great  admirers,  it  affi>rd8  me  pleasure  in  bearing  testimony  of 
the  very  high  degree  in  which  he  was  appreciated  by  me.  It  fell  to  my  good  for- 
tune to  make  his  acquaintance  in  Sheffield,  early  in  the  seventies,  whilst  he  was 
paying  one  of  his  many  visits  to  this  country,  and  this  acquaintance  soon  ripened 
into  a  firm  friendship,  for  although  Holley's  visits  at  that  time  were  undertaken 
chiefly  for  the  purpose  of  posting  himself  as  to  the  means  in  use  here  of  carrying 
out  in  detail  the  acid,  Bessemer,  and  Siemens  processes,  so  great  were  his  abilities, 
so  bright  his  intellect,  and  such  was  his  genial  temperament,  that  in  imparting  to 
him  any  information,  it  always  seemed  to  me  that  the  benefits  received  were  greater 
far  than  the  benefits  conferred,  because  in  discussing  the  various  points  Holley  had 
always  some  suggestion  to  ofier  well  worthy  of  the  most  careful  consideration,  if 
not,  indeed,  of  immediate  adoption ;  and  afterwards,  when  the  basic  process  was 
introduced,  and  he  became  intimately  associated  with  the  late  Mr.  Thomas,  he  was 
amongst  the  first  to  estimate  at  their  true  value  the  mechanical  difficulties  that  had 
to  be  encountered,  and  his  genius  promptly  devised  a  ready  means  of  overcoming 
the  greatest  of  these  difficulties.  Hence  it  happens  that  there  are  few  steel  works 
in  this  country  or  on  the  continent  that  have  not  profited  in  a  greater  or  leas  degree 
from  his  brilliant  talents.  With  such  tributes  to  his  memory  it  is  scarcely  necessary 
to  say  that  he  was  regarded  by  me  as  one  of  the  cleverest  and  most  reliable  of  steel- 
works engineers,  whose  death  was  a  great  loss,  not  only  to  his  country,  but  to  the 
world. 

With  regard  to  Holley's  private  character,  truthfulness,  honesty  of  purpose,  gen- 
erosity and  sincerity,  were  the  essence  of  his  life,  and  no  one  who  met  him  casually 
could  help  admiring  him  as  a  man  and  a  true  gentleman,  whilst  his  more  intimate 
acquaintances  will  ever  cherish  the  recollection  that  they  once  had  the  privilege  of 
knowing  such  a  man  and  of  calling  him  friend. 

I  am,  my  dear  sir,  yours  very  truly, 

James  Dredge,  Esq.  Abthub  Cooper. 

Did  time  permit  I  should  like  to  dwell  at  much  greater  length  on 
the  brilliant  and  suocessful  years  of  Holley's  career ;  the  period  of 
an  abundant  harvest,  the  seed  of  which  had  been  sown  with  toil  and 
judgment  so  many  years  before.  But  I  must  pass  on  to  review  very 
briefly  some  of  the  minor  though  important  incidents  that  complete 
the  picture  of  his  busy  life.  The  professional  honors  that  were  so 
fully  his  due,  fell  thickly  enough  on  him  during  the  later  years. 
He  was  elected  President  of  your  Institute  of  Mining  Engineers  in 
1875 ;  he  was  Vice-President  of  your  Society  of  Civil  Engineers  in 
1876  ;  he  founded  your  Society  of  Mechanical  Engineers,  of  which 
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Society  you  did  me  the  high  honor  to  elect  me  an  honorary  member ; 
in  1877  he  bepame  a  member  of  the  Institution  of  Civil  Engineers, 
a  body  which  we  in  England  are  proud  to  regard  as  the  parent  of  all 
the  Anglo-Saxon  engineering  societies.  In  connection  with  this 
election,  I  think  you  will  be  interested  to  hear  the  summary  of  Hol- 
ley's  life  and  works  as  told  by  himself  in  detailing  his  qualifications 
for  membership. 

"  In  1853  he  graduated  in  the  iMaenttfic  department  of  Brown  University ;  was  then 
for  one  and  a  half  jears  under  Mr.  £.  H.  Corliss,  locomotive  engine  builder,  and 
one  jear  under  Mr.  W.  G.  Hamilton  in  the  New  York  Locomotive  Works ;  from 
1856  to  1862  he  was  engaged  partly  in  the  literary  branch  of  the  professioui  and 
partly  as  an  assistant  engineer  in  the  locomotive  department  of  the  various  rail- 
ways, and  also  under  Mr.  E.  A.  Stevens  in  planning  marine  machinery.  From  1863 
to  the  present  time  he  has  been  connected  with  the  Bessemer  steel  and  iron  manu- 
&cture  of  the  United  States  as  follows :  In  1863  studied  the  Bessemer  steel  manu- 
facture in  England ;  in  1864  to  1865,  built  and  managed  the  Experimental  Works 
at  Troy ;  in  1865-67  built  the  5-ton  plant  at  Troy,  and  built  and  managed  the 
Pennsylvania  Steel  Works  and  Rail  Mill  at  Harrisburg;  in  1868-70  rebuilt  and 
managed  the  Troy  Works  (burnt  in  1868) ;  inl871-73  built  the  Bessemer  Works  at 
North  Chicago  and  the  Bessemer  Works  and  Rail  Mill  at  Joliet;  in  1873-75  built 
the  "  Edgar  Thomson  "  Bessemer  Works  and  Rail  Mill  at  Pittsburgh,  and  in  1874- 
76  built  the  Vulcan  Bessemer  Works  at  St.  Louis.  From  1871  he  has  been  con- 
sulting engineer  to  the  Cambria  Iron  Company  and  the  Bethlehem  Iron  Company, 
and  from  1874  to  the  Lackawanna  Iron  and  Coal  Company ;  is  present  consulting 
engineer  to  ten  of  the  works  mentioned,  and  the  construction  of  their  several  Bes- 
semer works,  and  to  the  Otis  Iron  and  Steel  Company  and  Springfield  Iron  Com- 
pany, in  the  construction  of  their  Open-Hearth  Steel  Works.  He  is  a  member  of 
the  United  States  Oovernment  Board  to  test  iron,  steel,  etc.  In  1875-76  he  was 
President  of  the  American  Institute  of  Mining  Engineers,  and  is  now  a  Vice-Presi- 
dent of  the  American  Society  of  Civil  Engineers." 

Holley  was  proposed  as  a  member  of  the  Institution  of  Civil 
Engineers  by  the  late  Sir  William  Siemens,  and  was  seconded  by  a 
long  list  of  well-known  and  famous  men  in  the  profession.  They 
were :  F.  J.  Bramwell,  E.  A.  Cowper,  T.  R.  Crampton,  James  Bams- 
den,  J.  T.  Smith,  Alexander  Brogden,  B.  Baker,  John  Hawkshaw, 
W.  H.  Barlow,  Charles  Hutton  Gregory,  Douglas  Oalton,  I.  Low- 
thian  Bell.  Some  of  these  men  have  passed  away;  they  were  all  his 
warm  personal  friends,  as  were  also  those  who  are  still  living.  I 
should  like  to  read  you  the  following  extract  from  a  letter  written  by 
one  among  them  whose  name  was  perhaps  even  better  known  to  a  past 
generation  than  it  is  to-day — Sir  Charles  Hutton  Gregory,  many 
years  since  President  of  the  Institution  of  Civil  Engineers.  He 
writes: 
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Thirteen  years  ago  I  had  the  pleasure  of  being  one  of  the  proposers  of  the  late 
Mr.  HoUey  as  a  member  of  the  Institution  of  Civil  Engineers  of  England,  and 
haying  formed  a  very  high  opinion  of  his  character  and  attainments,  I  feel  proud 
of  the  fact  that  we  had  affiliated  this  distinguished  man  to  the  body  of  English 
engineers,  and  I  venture  through  you  to  offer  to  our  American  brethren  my  sincere 
congratulations  on  their  recognition  of  his  merits  by  a  lasting  memorial  in  hb 
honor. 

I  am,  dear  Mr.  Dredge, 

Yours  very  truly, 

Charles  Button  Qregoby, 
Past  President  of  the  Institution  of  Civil  Engineers. 

Hollej  was  also  a  member  of  the  Iron  and  Steel  Institute  of 
London. 

Of  the  official  ppsitions  occupied  by  him,  the  most  important  were 
as  follows :  In  1875  he  was  appointed  a  member  of  the  United  States 
board  for  testing  structural  materials;  in  1879  he  became  lecturer 
on  the  metallurgy  of  iron  and  steel  at  Columbia  Collie;  and  in  1878 
he  was  given  the  degree  of  Doctor  of  Laws. 

It  was  early  in  the  summer  of  1880  when  Holley  received*  the  first 
warning  that  his  career  was  drawing  to  a  close.  Twenty-five  years 
of  life  at  high  pressure  had  told  on  his  constitution,  though  his  energy 
and  magnificent  mental  powers  remained  unafiected.  Of  ooursCi  he 
refused  to  listen  to  the  intimation  that  nature,  nearly  exhausted^gave 
him.  He  came  over  to  Europe  and  completed,  under  considerable 
difficulties,  his  usual  arduous  round  of  professional  duties  on  the 
Continent ;  then  he  returned  to  London  in  July,  tired  and  suffering 
from  the  attack  of  his  old  enemy,  chills  and  fever.  The  malady  re- 
fused to  be  driven  out  by  the  usual  remedies,  the  symptoms  became 
more  complicated,  and  with  alarming  rapidity  his  illness  assumed, 
first  a  serious  and  then  a  most  dangerous  form,  the  worst  feature  of 
which  was  that  its  characteristics  baffled  the  phjrsicians,  and  made, 
as  events  proved,  accurate  diagnosis  impossible. 

For  weeks  he  lay  between  life  and  death,  and  you  will  recall,  as 
if  it  were  but  yesterday,  the  breathless  anxiety  with  which  you 
awaited  the  receipt  of  tel^rams  announcing  his  condition.  By  his 
own  insistance,  these  despatches  were  made  more  hopeful  than  his 
condition  warranted,  for  his  greatest  and  constant  anxiety  was  to 
spare  his  family  and  friends  as  far  as  possible.  "  Time  enough,'^  he 
used  to  say,  "  for  them  to  worry  if  things  go  wrong.'' 

It  was  my  privilege  to  pass  many  hours  by  Holley's  bedside  during 
this  long  period  of  trial,  and  if  my  presence,  and  his  knowledge  of 
the  constant  solicitude  of  his  very  numerous  friends  in  London, 
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afforded  him  some  consolation^  his  fortitude,  his  patience,  and  his 
calm  endurance  not  only  called  forth  oar  constant  admiration,  but 
taught  a  lesson  I  can  never  forget, — an  example  few  of  us  can  hope 
to  follow.  It  was  very  long  before  the  faintest  ray  of  hope  threw  a 
gleam  upon  that  sick  bed ;  not  until  after  he  had  been  absolutely 
condemned  by  the  highest  medical  opinion.  I  believe  that  nothing 
but  his  indomitable  determination,  which  never  flagged,  saved  his 
life.  He  had  from  the  first  a  fixed  resolution  to  live,  and  I  think  he 
never  once  lost  confidence.  Some  of  you,  at  a  later  time,  saw  a  simi- 
lar scene  enacted,  but  then,  alas  I  he  was  able  only  to  keep  death  at 
arm's  length  for  a  few  hours  instead  of  repelling  it  altogether.  It 
was  during  this  period  that  I  learned  the  inner  aspect  of  Holley's 
character.  It  was  no  seamy  side  that  was  thus  exposed  to  me ;  but, 
on  the  contrary,  great  and  gentle  virtues,  combined  with  an  absolute 
trust  that  all  was  well,  which  showed  the  noble  gentleman  and  the 
true  christian.  The  closer  death  approached,  the  more  resigned  he 
grew  to  the  Supreme  Will,  and  yet  the  more  determined  to  have  a 
longer  time  secured  to  him.  Not  for  himself;  never  a  moment  for 
himself;  only  for  those  he  loved  and  who  were  dependent  on  him. 
''  So  far  as  I  am  concerned,"  he  would  say,  "  it  matters  nothing ;  I 
have  done  my  best  with  the  powers  that  I  possessed,  not  for  money 
or  ambition,  but  because  I  just  had  to  do  my  best.  And  it  is  impos- 
sible for  me  to  die  for  another  eighteen  months.  Those  I  leave  behind 
me  muct  be  provided  for,  and  I  can  do  that  easily  in  a  year  and  a 
half.    Just  now  I  could  not  afford  it.'' 

The  light  of  unselfishness  and  self-abn^ation  burnt  bright  and 
pure  within  him,  undimned  by  fears  for  the  future,  undisturbed  by 
any  weak  clinging  to  the  world.  If  Holley,  throughout  his  life, 
rgected  dogma,  it  was  because  his  exalted  spirit  found  a  surer  sup- 
port, in  broader  views  that  were  more  harmonious  with  his  char- 
acter ;  and  this  support  never  once  failed  him  in  the  darkest  hour. 
For  my  part,  I  can  truly  say  that  I  hope,  when  each  of  us  is  called 
away,  we  may  accept  the  summons  as  confidently  and  cheerfully 
as  Holley  did,  not  only  during  his  first  illness,  but  when  the  end 
came. 

I  have  insisted  upon  Hoi  ley's  marvellous  unselfishness  during  this 
dreadful  period,  and  I  cannot  help  telling  you  an  incident  that  illus- 
trates to  what  an  extent  he  was  able  to  carry  this  great  quality.  The 
Bingineering  and  Mining  Journal  of  August  7,  1880,  published  a 
telegram  that  had  been  despatched  from  London  a  few  days  before. 
Holley's  family  and  friends  were  awaiting  with  eagerness  and  dread 
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every  message  that  was  sent  to  them  abont  his  oonditioD,  and  I  can 
imagine  the  joy  with  which  Dr.  Raymond  penned  the  announcement 
of  this  despatch.  He  said  :  ^*  We  reserve  to  the  last  the  best  piece 
of  intelligence,  namely,  a  telegram  of  the  4th  of  August,  saying, 
'  Doctors  authorize  telegraphing  improvement  more  marked.'  '^  I 
should  like  to  tell  you  the  story  of  that  telegram.  For  many  days 
hope  had  been  sinking  out  of  sight;  consultation  after  consultation 
had  taken  place,  and  each  bulletin  was  more  discouraging  than  the 
previous  one.  The  unchanging  cheeriness  of  HoUey  never  failed, 
but  his  strength  ebbed  visibly  with  every  hour.  On  the  morning  of 
the  4th  of  August  a  new  consultation  was  held,  the  most  eminent 
specialist  in  London,  since  dead,  having  been  called  in.  As  the  doc- 
tors stood  around  the  bed  of  the  sick  man,  speaking  with  bated 
breath,  a  faint  smile  played  over  the  thin,  pale  face.  You  remember 
Holley's  smile.  ^  He  knew  quite  well  what  their  opinions  were,  and 
seemed  less  affected  than  any  one  else  present.  Afterwards^  in 
another  room,  the  eminent  specialist  passed  his  inexorable  sentence: 
''AH  that  human  skill  can  do  has  been  done:  the  duration  of  the 
patient's  life  is  now  a  question  of  a  few  hours."  You  may  imagine 
what  my  feelings  were  when  I  returned  to  HoUey's  bedside.  Pres- 
ently he  whispered  to  me :  *'  Send  them  a  telegram."  "  What  shall 
I  tell  them  ?"  said  I.  ''  That  the  doctors  see  a  marked  improve- 
ment," he  replied.  I  said:  ''Can  I  tell  them  that,  Holley?" 
"  Certainly,"  he  replied  ;  "  telegraph  it  anyway ;  if  you  can  stand  it 
I  can."  I  sent  the  telegram  Dr.  Raymond  published,  and  the  re- 
markable thing  was  that  this  was  the  truest  bulletin  which  had  been 
sent  you  for  a  long  while.  Almost  from  that  hour  he  began  to  mend, 
and  improved  steadily  from  day  to  day.  Was  not  this  incident  most 
thoroughly  characteristic  of  the  man  who,  in  the  direst  extremity, 
thought  chiefly  of  sparing  you,  and  felt  that  he  could  "  stand  "  the 
responsibility  of  the  deception  if  he  was  able  to  give  you  a  few  more 
days  of  delusive  hope  ? 

The  time  came  when  there  was  no  need  to  send  any  more  decep- 
tive telegrams,  and  it  was  a  great  occasion  to  him  and  his  friends 
when  he  was  able  to  leave  his  room  and  be  carried  down  stairs.  His 
recuperative  powers  now  stood  him  in  good  stead,  and  he  was  soon 
able  to  look  forward  to  his  return  home.  During  the  short  period 
that  elapsed  between  his  convalescence  and  his  departure,  he  resumed 
his  interrupted  duties,  and  was  able  to  settle  to  his  satisfaction  the 
work  which  he  had  started  from  New  York,  six  months  before,  to 
accomplish. 
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Thas  ended  happily  what  was  for  so  many  of  us  a  great  crisis. 
The  eighteen  months'  respite  he  had  fought  for  so  valiantly  was 
accorded  to  him.  How  well  he  used  them  others  know  better  than 
I.  This  may  be  the  place  to  put  on  record  the  fact  that  during  his 
illness  he  conceived  the  idea  of  his  last,  and  one  of  his  most  impoit- 
ant,  improvements  in  the  Bessemer  process, — that  of  the  detachable 
converter  shell.  This  was  patented  in  1881,  and  after  his  death  was 
purchased  by  the  American  Bessemer  Association.  In  England  this 
patent  has  not  found  a  large  application,  but,  I  believe,  in  the  United 
States  it  has  been  extensively  introduced,  and  has  helped  still  further 
to  increase  the  remarkable  production  of  the  various  steel  works  he 
designed  and  organized.  *'  If  I  was  to  die  at  that  time,''  said 
Holley,  '^I  wanted  to  do  something  to  enable  me  to  die  with 
credit." 

It  was  with  gratitude  and  thankfulness  that  his  friends  bade  him 
farewell  when  he  started  for  his  homeward  journey  in  the  fall  of 
1880;  not  fully  restored,  but  still  snatched,  as  it  seemed,  from  the 
grave,  and  given  back  to  those  for  whose  sake  he  had  battled  through 
his  long  illness,— his  family  and  friends.  The  winter,  spring,  and 
the  first  months  of  the  summer  of  1881  he  passed  with  you;  there- 
fore, you  know  better  than  I  do  that  the  lamp  never  burned  brighter, 
though  to  those  who  watched  him  closely  the  flame  was  somewhat 
fitful,  for  the  oil  was  nearly  spent.  Perhaps  you  may  be  interested 
in  the  following  extracts  from  letters  I  received  from  him  in  1880. 
They  contain  nothing  of  importance,  but  to  me  they  have  a  special 
value,  and  they  indicate  how  far  he  was  restored  to  apparent  health 
and  to  real  energy.  The  first  was  written  from  Liverpool  on  Octo- 
ber 8,  1880,  just  before  he  sailed  for  New  York,  and  about  a  month 
after  he  had  left  the  doctor's  hands.  During  this  time  he  had  pre- 
pared a  paper  on  **  The  Adaptation  of  Bessemer  Plant  to  the  Basic 
Process,"  which  was  read  before  your  Society  of  Mechanical  Engi- 
neers at  their  annual  meeting,  and  he  had  visited  the  various  works 
in  England,  where  business  awaited  him.     He  wrote : 

"  Encloeed  find  proof  of  mj  paper  to  be  read  November  24th I  am  very 

glad  I  made  the  run  to  Glasgow  and  Estoa,  as  I  looked  up  much  of  interest  and  re- 
ceived no  harm  as  far  as  I  know  of.  I  hope  that  you  will  see  much  of  my  best 
work  in  Engineering  during  the  next  six  months." 

The  second  letter^  dated  October  20th,  was  written  from  his  home 
in  Brooklyn : 


Zlviii  THE  HOLLET  MEMORIAL. 

- "  I  have  been  home  an  hour,  and  I  hasten  to  tell  you,  hj  to-morrow's  early  steamer, 
that  I  found  my  family  well,  that  I  gained  strength  on  the  voyage,  and  I  am  feeling 

very  well I  found  my  wife  and  children  on  the  wharf.    They  were  surprised 

to  see  me  looking  so  unusually  well,  and  glad  enough  to  see  me  so^  or  to  see  me  at 
all  in  fact,  and  they  joined  me  in  expressions  of  gratitude  for  my  deliverance  from 

the  King  of  Terrors As  I  settle  down  in  my  place  at  home,  it  sometimes 

seems  as  if  I  had  not  been  away  (thoughft  will  be  six  months  to-morrow  since  I 
sailed),  and  my  illness  had  been  a  bad  dream/' 

The  numerous  letters  I  received  from  him  between  this  latter  date 
and  the  following  July^  when  he  carife  to  England,  all  breathe  the 
same  spirit  of  thankfulness  for  his  recovery,  the  same  interest  in  the 
work  he  had  to  do,  his  hopefulness  for  a  prolonged  and  useful  future. 
It  is  evident,  however,  he  must  have  been  conscious  that  his  physical 
elasticity  had  failed,  for  while  he  carried  on  his  work  as  thoroughly 
as  ever,  there  were  not  wanting  proofs' that  he  knew  the  necessity  of 
caution,  and  he  made  plans  for  securing  leisure  and  rest  which  a 
short  time  before  he  would  have  deemed  entirely  unreasonable.  I 
think  that  he  missed  few,  if  any,  of  your  professional  meetings, 
or  the  banquets,  which  are  one  of  their  pleasant  features;  and 
on  those  occasions  his  eloquence  was  never  loftier,  nor  his  humor 
more  keen  and  delicate,  as  witness  his  remarkable  speech  at  the 
Hartford  meeting  of  your  Society  of  Mechanical  Engineers  in 
1881. 

With  the  summer  of  that  year  came  the  perfected  plans  for  his 
annual  professional  European  visit,  the  last,  he  had  assured  me, 
twelve  months  before,  that  he  intended  to  make — ^a  fateful  prophecy. 
But  on  that  occasion  he  departed  from  his  usual  custom,  and  relaxa- 
tion formed  a  part  of  his  scheme,  to  insure  which  his  whole  family 
travelled  with  him.  In  this  connection  I  do  not  hesitate  to  read  to 
you  extracts  from  a  letter  he  wrote  me  on  the  steamer  "  Germanic  " 
before  his  arrival  at  Liverpool.    The  letter  is  dated  July  17,  IS61 : 

''We  have  had  a  very  smooth  passage,  and  everything  delightful We  in- 
tend to  go  to  Scotland  for  two  weeks,  and  then  spend  two  or  three  days  in  London 
on  the  way  to  Switzerland,  which  we  wish  to  reach  as  soon  as  possible  so  as  to  do  it 
before  cold  weather.  Charles  Maodonald,  one  of  our  prominent  engineers  and 
bridge-builders,  and  no  end  of  a  good  fellow,  is  with  us,  and  I  want  him  to  meet 
some  of  the  boys.  I  shall  write  you  what  day  we  shall  arrive  in  London.  And  I 
am  going  to  put  you  to  the  trouble  of  ordering  for  me  an  A 1  dinner,  with  smoking- 
room,  and  inviting  yourself  and  a  few  lyore,  ....  We  must  have  that  dinner." 

One  of  the  main  objects  Holley  had  at  heart  in  planning  his  Euro- 
pean trip  of  1881,  was  the  realization  of  a  scheme,  the  first  intima- 
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tioD  of  which  was  oonveyed  to  me  in  the  letter  I  have  just  quoted. 
The  initiation  of  this  scheme  was,  I  believe,  wholly  due  to  himself; 
and  certainly  no  one  could  so  well  understand  its  great  importance. 
Speaking  after  an  interval  of  nine  years,  I  may  be  in  error  in  some 
details,  but  I  think  that,  between  his  return  to  America,  in  1880, 
and  his  last  visit  to  Europe  the  following  summer,  the  idea  had 
occurred  to  him  to  bring  about  closer  relations  between  the  members 
of  the  engineering  profession  in  England  and  in  the  United  States. 
No  one  knew  better  than  he  did  the  value  of  personal  intercourse,  or 
the  rapidity  with  which  the  mists  of  indifference,  prejudice,  or  ignor- 
ance are  dispelled  under  the  genial  influence  of  personal  acquaint- 
ance. Perhaps,  too.  Hoi  ley,  who  was  so  justly  proud  of  all  he  had 
accomplished,  was  anxious  that  Englishmen  should  see  for  them- 
selves what  they  only  knew  from  his  lips,  and  the  truth  of  which 
they  half  doubted ;  in  any  case,  J  know  that  he  chafed  under  the 
recollection  that  his  statements  had  m6re  than  once  been  received 
with  a  scarce-concealed  spirit  of  incredulity.  These  personal  mo- 
tives may  have  somewhatf  influenced  him ;  but  his  chief  reason  in 
wishing  to  bring  English  and  American  engineers  in  closer  touch 
with  one  another,  was  the  lofty  one  of  giving  to  both  nations  more 
light  and  sympathy.  I  understand  that  his  proposal  was  carefully  dis- 
cussed by  a  joint  committee  of  your  societies,  and  that  a  magnificent 
programme  of  reception  was  prepared.  Then  Holley  and  his  friend, 
Mr.  Charles  Macdonald,  whose  eminence  as  a  civil  engineer  is  almost 
as  fully  recognized  in  Europe  as  it  is  in  America,  were  asked  to  act 
as  the  delegates  of  your  societies,  to  convene  in  London  such  a  meet- 
ing as  they  thought  most  representative  and  useful ;  and  to  lay  before 
this  meeting  your  proposals,  that  they  might  ascertain  how  such  an 
invitation  would  be  received. 

The  first  meeting,  Holley  very  naturally  decided,  should  take  the 
form  of  a  dinner,  and  it  was  this  dinner  which  is  referred  to  in  the 
letter  I  just  now  read.  Of  course,  I  knew  nothing ^f  the  details  at 
that  time,  but  I  judged  that  something  of  importance  was  on  foot,  for 
until  Holley  arrived  in  London,  he  showered  letters  upon  me  always 
on  the  same  topic.  When  we  met,  he  was  very  full  of  this  scheme, 
and.it  was  hard  not  to  encourage  him,  or  even  not  to  share  his  en- 
thusiasm. I  felt  that  a  great  disappointment  awaited  him,  and  that 
the  project  he  so  much  cherished  was  doomed  to  failure.  The  time 
had  not  come  for  such  a  union ;  but  Holley,  in  the  noble  generosity 
of  heart  which  had  conceived  and  elaborated  the  proposal,  could  not 
understand  that  it  might  be  recived  with  coldness. 
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The  dinner  took  place,  and,  with  the  exception  of  Holley,  Mr* 
Macdonald,  and  myself,  no  one  understood  why  he  had  been  invited. 
There  were  but  few  guests,  and  to  them,  after  the  close  of  dinner, 
Holley  unfolded  his  scheme;  told,  in  his  eloquent  and  winning  way, 
how  warmly  you  desired  to  welcome  your  brother  engineers  from 
London ;  how  no  limits  would  be  set  to  your  hospitality ;  how  your 
factories  would  be  thrown  open,  your  professional  experience  and 
information  freely  given.  But  it  became  at  once  evident  that  the 
scheme  was  impracticable,  and  would  have  to  be  abandoned. 

I  am  not  seeking  to  blame  those  gentlemen  who  thus  met  Holley's 
warmth  with  seeming  coldness,  and  chilled  his  generous  enthusiasm. 
The  time  had  not  come.  But  Holley,  in  his  disappointment,  did 
not,  perhaps,  make  full  allowance  for  the  want  of  appreciation  dis- 
played, and  was  very  sick  and  weary  in  his  failure,  which  greatly 
saddened  the  few  remaining  months  he  was  to  pass  in  England.  And 
I  know  how  loudly  the  echo  of  his  failure  resounded  through  the 
United  States.  Thanks  to  yourselves,  the  memory  of  that  time  was 
blotted  out  last  year,  when  you  responded  so  fully  to  the  brotherly 
invitation  sent  you  by  the  Institution  of  Civil  Engineers,  who,  you 
were  pleased  to  say,  extended  to  you  true  hospitality  and  friendship 
with  both  hands.  I  felt  the  deepest  interest  in  the  result  of  that  in- 
vitation, and  I  strove  earnestly,  in  my  small  way,  to  help  to  make 
your  visit  a  success,  for  I  felt  that  it  was  a  sacred  duty  which  I 
owed  to  the  memory  of  our  dear  friend  to  assist  in  bringing  to 
pass  what  he  had  so  earnestly  longed  for.  Your  visit  to  England 
last  year  was  the  first  fruit  of  Holley's  labor  of  1881.  Are  we  not 
all  filled  with  the  same  vain  longing  that  he  might  be  among  us 
now  to  see  the  further  result  of  his  work ;  to  act  as  host  to  the 
foreign  guests  now  assembled  on  your  shores ;  to  hold  us  once  again 
by  the  spell  of  his  eloquence? 

The  plans  which  Holley  had  formed  before  he  left  New  York  of 
obtaining  rest  and  change  by  a  European  tour,  were  never  carried 
into  execution ;  probably  his  habits  of  continuous  work  were  too 
strong  to  be  broken  up.  At  all  events,  while  his  family  set  out  to 
complete  the  programme,  Holley  remained  in  England  for  awhile, 
and  then  made  his  accustomed  round  of  the  steel  works  in  France, 
Germany  and  Belgium.  He  was  back  again  in  England  in  time  to 
attend  and  take  a  part  in  the  meeting  of  the  Iron  and  Steel  Insti- 
tute.   On  October  20,  1881,  he  wrote  to  me : 

*'  Very  sorry  to  have  miased  your  call.    I  have  not  felt  quite  up  to  going  north 
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yet,  and  probably  shall  not  go  before  the  middle  of  next  week.  I  naturally  oyerdid 
the  thing  a  little  at  the  meeting,  and  have  had  some  mild  returns  of  chills  and  fever, 
but  Dr.  Hare  thinks  he  will  break  it  up  in  a  few  days.  I  shall  not  go  to  Italy  at 
a!]|  but  shall  remain  in  England  until  near  the  end  of  November  and  then  meet  my 
family  in  Paris.  I  mean  to  get  out  that  Bethlehem  supplement  for  you  before  many 
days,  but  what  with  quinine  and  rudimentary  chills  I  have  felt  fit  for  little." 

Now  HoUey's  work  was  done ;  his  plans  for  journeying  north 
were  only  partially  carried  out,  and  he  returned  to  London  early  in 
November  to  meet  his  family.  With  the  mist  and  gloom  of  the  last 
days  of  autumn  began  the  closing  scene  of  this  bright  career,  sad- 
dened by  a  great  and  unexpected  anxiety  and  grief  During  the 
visit  of  his  family  to  Rome,  one  of  his  daughters  contracted  a  fever 
that  developed  with  alarming  symptoms  almost  as  soon  as  they  were 
reunited  in  London,  and  for  several  weeks  she  lay  a  victim  to  a  se- 
vere attack  of  typhoid.  A  fortunate  chance  had  made  me  recom- 
mend to  HoUey  a  hotel  owned  by  a  gentleman  whose  name  you  have 
all  heard ;  a  man  I  am  proud  to  call  my  friend ;  who  filled  with 
distinguished  ability  the  high  position  of  Lord  Mayor  of  London, 
and  who  was  so  largely  instrumental  in  making  the  Paris  Exhibition 
of  1889  an  international  success.  I  refer  to  Sir  Polydore  de  Keyser. 
During  many  weary  weeks,  when  Holley's  final  illness,  which  had 
now  taken  its  final  hold  upon  his  system,  was  intensified  by  anxiety 
at  the  alarming  condition  of  one  of  the  three  persons  to  whom  his 
life  had  been  devoted,  he  found  in  Sir  Polydore  and  Lady  de  Keyser 
two  of  the  truest  and  most  devoted  friends.  It  was  greatly  due  to 
their  unceasing  solicitude  that  Holley's  daughter  was  restored  to 
convalescence  before  he  was  ordered  hurriedly  to  quit  England.  To 
obey  this  order  meant  separation  from  his  family,  for  his  daughter 
was  unfit  to  travel.  But  Holley  realized  that  this  was  his  only 
chance,  and  slender  as  he  knew  it  to  be,  he  did  not  hesitate  for  a 
moment.  But  he  would  have  refused  utterly  if  Providence  had  not 
thrown  in  his  way  those  two  good  friends,  who,  after  this  lapse  of 
years,  still  cherish  his  memory  with  lively  affection,  and  in  whose 
hands  he  left  his  family  with  full  confidence. 

Holley  left  London  for  the  last  time  a  few  days  before  the  Christ- 
inas of  1881.  It  was  one  of  those  dark  and  gloomy  mornings  which 
we  know  only  too  well,  when  the  city  is  swallowed  up  in  chill  mists, 
and  mid-day  is  only  a  sickly  twilight.  When  we  shook  hands  as 
the  train  started,  he  said  to  me :  "  This  is,  indeed,  good-bye.''  And 
then  I  knew  that  we  should  never  meet  again.  I  have  always  re- 
garded this  last  journey  of  Holley's,  taken  suddenly  at  so  bad  a 
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season  of  the  year^  and  in  the  state  of  health  he  knew  himself  to  be, 
as  a  final  act  of  unselfishness  which  seemed  natural  to  him^  but  of 
which  few  people  are  capable.  He  felt  that  he  would  rather  sepa- 
rate himself  from  those  he  loved,  than  add  to  their  anxieties,  and  at 
any  cost  that  he  must  grasp  at  the  small  chance  which  the  better 
climate  of  America  might  give  him ;  but  all  the  same  he  knew  that 
the  end  was  come.  f 

The  sad  heroic  details  of  the  closing  scene  you  all  know  well,  but 
I  will  venture  to  reproduce  the  story  here  as  told  in  Dr.  Raymond's 
eloquent  language : 

"  What  a  Sabbath  followed  I  The  quiet  chamber  where  he  lay,  braVe  and  cheer- 
fu],  watching  the  strength  that  was  ebbing  awaj»  as  he  might  have  watched  and 
measured  the  current  of  a  motive  power  ;  the  storm-beaten  ship  that  steamed  up  the 
harbor,  bearing  those  he  loved  best ;  the  race  with  death ;  the  arrival  of  wife  and 
daughters,  just  too  late.  What  insupportable  wringing  of  all  hearts,  except  his, 
who  recognised  with  calm  impartiality  when  the  machinery  of  life  was  about  to 
stop,  and  whose  only  anxiety  was  for  those  who  were  sailing  unawares  towards  the 
shadow  of  death  I  'Make  it  as  easy  for  them  as  you  can,'  he  had  earnestly  said  to 
a  faithful  friend.''  * 

The  widespread  sorrow  that  descended  on  us  with  Holley's  death 
like  a  dark  veil,  has  been  lifted  by  the  gentle  hand  of  time,  and 
looking  back  we  are  able  to  see,  in  true  perspective,  the  great  achieve- 
ments of  his  busy  life ;  the  work  that  was  left  unfinished  when  death 
called  him.  It  must  have  occurre<l  to  many  of  us  that,  after  all,  it 
was  better  so;  better  for  him  to  haye  departed  from  us  while  still 
in  the  vigor  of  intellect  than  to  have  lingered  until  his  {)owers  failed 
and  the  light  of  his  spirit  burnt  low.  He  completed  in  his  lifetime 
more  than  enough  to  fill  the  record  of  many  ordinary  lives,  and  he 
remains  enshrined  in  our  hearts,  brilliant  and  noble.  Can  we  desire 
more  ?    Can  any  one  of  us  hope  for  so  much  ? 

I  prefer  to  remember  Holley  rather  as  a  man  of  talent  than  of 
genius  ;  that  is,  if  we  accept  the  strict  meaning  of  the  word  ''  genius,'' 
and  regard  it  as  a  sfiecial  gift  of  arriving  always  at  a  desired  aim, 
by  intuition — in  two  words,  'inspired  instinct."  TalentJ  on  the 
other  hand,  depends  on  high  mental  training  and  a  perfect  command 
of  all  the  faculties ;  on  a  great  strength  of  intellect,  and  on  a  peculiar 
aptitude  for  l>eing  moulded  and  directed  to  specific  ends  and  to  valu- 
able purposes.  Does  not  this  apply  in  all  respects  to  Holley's  mind  ? 
His  great  natural  gifts  were  steadily  and  systematically  trained  by 

*  Eng.  and  Min,  Jour.,  vol.  xxiii.,  p.  62,  Feb.  4,  1882. 
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self-impoeed  discipline  and  by  the  sterner  force  of  circumstances. 
Yet,  if  we  accept  the  great  philosopher's  dictum^  that  genius  consists 
of  a  power  to  take  infinite  trouble,  then  we  must  ascribe  the  gift  of 
genius  to  HoUey  in  a  high  degree ;  for  in  all  things,  large  and  small, 
no  amount  of  trouble  was  too  great  for  him,  provided  that  what  he 
did  was  well  done.  But  genius  is  nearly  always  ill-balanced,  and 
the  great  qualities  of  one  so  endowed  are  generally  accompanied  by 
petty  weaknesses  that  only  too  often  make  these  special  gifts  a  bur- 
den to  the  possessor  and  to  those  about  him.  Holley  was  great  all 
round ;  as  engineer,  as  inventor,  as  journalist,  and  as  orator.  Equally 
great  was  he  in  his  private  life.  Admired  by  all  those  who  were 
his  acquaintances ;  beloved  and  equally  admired  by  those  who  had 
the  privilege  to  be  his  friends ;  a  devoted  husband  and  a  devoted 
father;  one  whose  only  thoughts  in  moments  of  extremity  were  for 
others  but  never  for  himself.  No;  let  us  ascribe  to  Holley  the 
highest,  the  most  brilliant  talents ;  but  do  not  place  it  on  record  that 
he  was  a  man  of  genius,  for  in  so  doing  we  imply  the  existence  of 
weaknesses  that  had  no  place  in  his  great  nature. 

Your  faithftil  and  enduring  friendship  has  found  graceful  expres- 
sion in  marble  and  in  bronze ;  in  tt  statue  which  shall  remain  to 
speak  to  future  generations  of  their  great  engineer  who  revolution- 
ized the  most  important  industries  of  America.  But  this  memorial 
which  you  have  erected  is  only  the  outward  and  visible  sign  of  the 
spiritual  memorial  set  within  your  hearts,  to  be  kept  there  sacred 
through  life — and  beyond  it.  Many  of  you  have  seen  carved  over 
one  of  the  portals  of  St.  Paul's  Cathedral  the  epitaph  of  its  archi- 
tect :  Si  Tnonumentum  requiria  droumspioe.  So  you  must  look  around 
you  for  the  monument  of  Holley.  It  stretches  in  a  vast  and  ever- 
growing net-work  over  your  country;  from  east  to  west,  from  north 
to  south,  wherever  railways  are,  his  monument  lies  beneath  you,  as 
yon  travel  over  the  lines  of  steel.  You  behold  it  in  the  vast  piles 
of  buildings  devoted  to  the  production  and  the  manufacture  of  steel. 
The  memorial  to  his  great  energy  and  intelligence  is  made  visible  in 
pillars  of  .cloud  by  day  and  in  pillars  of  fire  by  night  in  your  greatest 
metallurgical  centers.  The  development  of  your  most  important 
mineral  resources;  the  contentment  and  prosperity  that  wait  upon 
the  vast  army  of  laborers  in  the  field  where  Holley  first  broke  ground ; 
the  wealth  that  has  attended  those  who  were  far-seeing  and  bold 
enough  to  support  him  ;  to  no  small  extent  the  marvellous  growth 
of  your  great  country,  that  causes  us,  the  slow-moving  nations  of 
the  Old  World,  to  stand  and  gaze  in  wonder.     All  these  great  things 
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together  compose  Holley's  monument ;  so  if  you  seek  it,  your  gaze 
must  not  be  restricted  to  narrow  limits,  such  as  those  that  bound  the 
matchless  pile  reared  by  our  great  architect  more  than  two  centuries 
ago;  it  must  range  from  the  Atlantic  to  the  Pacific;  from  the  Gulf 
of  Mexico  to  the  Arctic  circle.  On  every  piece  of  Bessemer  steel 
that  is  converted  to  the  service  of  the  arts  and  industries  in  the 
United  States  might  be  engraved  the  words  he  used  to  write  upon 
the  many  drawings  he  made  in  London  during  his  first  youthful 
visit,  with  such  a  rapid  and  unerring  hand :  ^'  Holley  Fecif 

I  have  completed  the  work  your  generosity  has  imposed  on  me, 
and,  with  all  imperfections,  this  address  must  stand  in  the  archives 
of  your  societies,  to  bear  testimony  to  my  unfitness  for  the  task.  In 
one  respect  I  feel  a  full  measure  of  satisfaction ;  I  have  brought  you 
from  beyond  the  sea  the  proofs  of  how  Holley  was  esteemed  by 
strangers — a  gift  of  precious  pearls  of  human  sympathy,  worthy  to 
be  laid  upon  the  base  of  your  memorial  column.  Would  that  they 
were  linked  together  by  a  golden  cord  instead  of  being  strung  upon 
a  thread  of  baser  metal  sublimated  from  very  common  clay. 


Mr.  Dredge's  eloquent,  sympathetic,  and  discriminating  address 
was  received  with  applause,  and  with  an  absorbed  and  appreciative 
attention  more  significant  than  applause.  At  its  conclusion  the 
assembly  proceeded  to  Washington  Square,  where  the  memorial, 
still  hidden  from  view  by  the  drapery  of  an  American  flag,  was  to 
be  disclosed  and  formally  turned  over  to  the  custody  of  the  authori- 
ties of  the  city  of  New  York,  represented  on  this  occasion  by  Presi- 
dent Grallup,  of  the  Board  of  Park  Commissioners. 

After  music  by  the  band  of  the  Seventh  Regiment,  of  the  New 
York  National  Guard,  Mr.  James  C.  Bayles,  a  representative  upon 
the  Holley  Memorial  Joint  Committee  of  the  American  Society  of 
Mechanical  Engineers,  and  ex-President  of  the  American  Institute 
of  Mining  Engineers,  addressed  Mr.  Gallup  substantially  as  fol- 
lows: 

'^  In  the  name  of  the  Holley  Memorial  Committee,  I  surrender 

« 

to  you,  and  through  you  to  the  city  of  New  York,  which  you 
here  represent,  this  symbol  and  expression  of  civic  fame  and  human 
affection.  We  who  have  placed  it  here  desire  it  to  express  not  only 
our  love  and  esteem  for  a  great  engineer  and  a  dear  friend,  but  also 
our  profound  conviction  that  the  achievements  of  genius  and  devo- 


THE  HOLLEY   MEMORIAL.  Iv 

tioD  ID  the  field  of  science  aod  industry  are  not  less  worthy  of  monu- 
mental commemoration  than  the  successful  labors  of  the  statesman 
or  the  victories  of  the  soldier.  In  this  spirit  we  trust  that  the 
Holley  Memorial  will  be  accepted  and  preserved  by  the  city  of  New 
York  for  the  instruction  and  encouragement  of  generations/' 

At  the  close  of  Mr.  Bayles's  remarks,  the  Memorial  was  unveiled 
by  the  hand  of  Master  Alexander  Holley  Olmsted,  a  boy  of  six 
years,  the  grandson  of  Mr.  Holley,  lyid  was  received  on  behalf  of 
the  city  of  New  York  by  President  Gallup,  who  spoke  as  follows ; 

^'  It  is  indeed  fitting  that  in  this  country,  where  genius  and  inven- 
tion are  triumphant,  our  citizens  should  turn  aside  now  and  then 
from  their  labors  to  pay  just  tribute  to  those  who  have  made  her 
great  Among  them  truly  was  he  who  has  been  so  honored  to-day 
as  one  of  the  greatest  of  engineers,  and  of  whom  it  can  well  be  said, 
borrowing  the  words  from  another,  that  though  he  ever  strove  to 
hide  his  light  under  a  bushel,  yet  it  was  among  the  strongest  and 
brightest  lights  that  ever  burned.  I  would  that  all  our  parks  and 
squares  might  contain  such  object-lessons  as  this,  not  alone  because 
of  the  art  that  fashioned  it,  but  because  of  the  energy,  enthusiasm, 
intensity  of  purpose,  great  honor  and  just  achievements  of  him  whom 
it  calls  to  mind.  Your  chairman  has  spoken  of  the  beneficent  vic- 
tories of  peace.  In  the  same  spirit  I  accept  this  bronse  on  behalf 
of  the  city  of  New  York.  Once  before  we  struck  hands  with  a 
people  to  whom  we  owe  the  beacon  light  that  lighted  the  way  of 
oar  guests  to  this  por( ;  and  so  I  may  extend  to  them  a  like  welcome, 
that  this  memorial  may  serve  as  another  emblem  of  the  good-will 
of  nations.^ 
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LAND,  O.,  JUNE,  1891. 

Local  Committee. 

Fayette  Brown,  Chairman/  J.  K.  Bole,  Viee-Chairman ;  £.  W.  Ogleboj,  Secre- 
tary. 

Sub-Committees. 

Ladiei  OommitUt. — Mrs.  Pechin,  Mrs.  Hanna,  Miss  Hilliard. 

Beeeplum, — Amo9  Townsend,  W.  B.  Warner,  M.  A.  Hanna,  G.  H.  Ely,  A.  A. 
Pope,  S.  A.  Fuller,  R.  R.  Rhodes,  D.  B.  Chambers,  K  C.  Pechin,  E.  W.  Ogleboy. 

Excursions. — S.  H.  Chisholm,  L.  A.  Roby,  R.  F.  Jopling,  George  Bartol,  Alex- 
ander E.  Brown. 

BanqueL — L.  C.  Hanna,  William  Edwards,  J.  B.  Zerbe. 

Finance.— John  Tod,  Samuel  Mather,  S.  P.  Ely,  0.  W.  Bingham. 

Hotel  Hrndqusriers, — The  Stillman. 

The  opening  session  was  held  on  Tuesday  evening,  June  2d,  in  the 
hall  of  the  Young  Men's  Christian  Association.  The  meeting  was 
called  to  order,  in  behalf  of  the»  Local  Committee,  by  Mr.  G.  H. 
Ely,  who  introduced  Hon.  W.  G.  Rose,  the  mayor  of  the  city. 
Mayor  Rose  delivered  a  brief  but  cordial  address  of  welcome,  to 
which  an  appropriate  response  was  made  by  President  Birkinbine, 
who  referred  to  the  former  meeting  of  the  Institute  at  Cleveland,  in 
1876,  and  the  progress,  both  of  this  society  and  of  the  city  of  Cleve- 
land, since  that  pleasant  and  well-remembered  occasion. 

An  address  on  Modern  Engineering  in  Egypt,  illustrated  with 
lantern-views,  was  then  delivered  by  R.  W.  Raymond,  of  New  York 
City.* 

The  second  session  was  held  at  The  Stillman,  on  Wednesday 
morning,  June  3d,  when  the  following  papers  were  read  and  dis- 
cussed : 

Electricity  in  Welding  and  Metal- Working,  by  A.  B.  Wood, 
Detroit,  Mich. 

A  Review  of  the  Iron-Mining  Industry  of  New  Jersey,  by  J.  C. 
Smock,  Trenton,  N.  J. 

*  This  address,  consisting,  in  the  main,  of  comments  upon  the  views,  has  not 
been  reduced  to  writing. 
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The  First  Iron  Blast-Funiaoes  in  America^  by  W.  H.  Adams, 
New  York  City. 

The  remainder  of  the  session  was  occupied  with  a  discussion  of 
blast-furnace  practice,  suggested  by  the  paper  read  by  Mr.  Gayley 
on  that  subject  at  the  New  York  meeting  of  the  Iron  and  Steel 
Institute,  October,  1890. 

At  the  third  session,  held  at  The  Stillman  on  Wednesday  evening, 
the  discussion  of  blast-furnace  practice  was  continued,  after  which 
Mr.  Alexander  E.  Brown,  of  Cleveland,  made  an  address  on  the 
handling,  by  machinery,  of  ore  and  fuel  in  large  quantities.* 

At  the  fourth  session,  the  Secretary  presented,  in  continuation  of 
the  discussion  on  blast-furnace  practice,  the  following  paper: 

Some  Experiments  on  Blast-Furnace  Gases,  by  Jasper  Whiting, 
South  Chicago,  III. 

A  discussion  of  the  paper  of  Mr.  T.  D.  Ledyard  (New  York 
meeting.  Vol.  XIX.)  on  Ontario  Magnetites,  followed. 

Also,  a  discussion  of  the  paper  of  Mr.  H.  H.  Campbell  (New 
York  meeting)  on  the  Physical  and  Chemical  Equations  of  the 
Open-Hearth  Furnace. 

Also,  a  statement  from  Prof.  J.  W.  Langley  in  continuation  of  his 
paper  (Pittsburgh  International  Session,  Vol.  XIX.)  on  Interna- 
tional Standards  of  Iron  and  Steel  Analyses,  after  which  the  follow- 
ing papers  were  read : 

Aluminum  in  Steel  Ingots,  by  Prof.  J.  W.  Langley,  Pitts- 
burgh, Pa. 

Manganese  in  Cast-Iron,  by  W.  J.  Keep,  Detroit,  Mich. 

The  following  papers  were  then  presented  in  printed  form,  or  read 
by  title : 

Construction  of  Details  for  a  Modern  Lixiviation-PIant,by  Charles 
A.  Stetefeldt,  San  Francisco,  Cal. 

Geological  Notes  on  the  Manganese  Ore-Deposit  of  Crimora,  Va., 
by  Charles  E.  Hall,  Chicago,  111. 

A  Compound- Plunger  Hydraulic  Pump,  by  Earnest  B.  Woakes, 
Tolima  Mines,  Colombia. 

Notes  on  Some  of  the  Magnetites  of  Southwestern  Virginia  and 
the  Contiguous  Territory  of  North  Carolina,  by  H.  B.  C.  Nitze, 
Baltimore,  Md. 

*  Not  furnished  for  publication. 
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Methods  of  Working  and  Surveying  the  Mines  of  the  Longdate 
Iron  Company,  Virginia,  by  Guy  R.  Johnson,  Longdale,  Va, 

Stone-Coal  in  the  Lead  Blast-Furnaoe,  by  James  W.  Neill,  Lead- 
ville,  Colo,  (with  a  communication,  in  discussion  thereof,  from  A.  S. 
Dwight,  Pueblo,  Colo.). 

Explosions  from  Unknown  Causes  (discussion  of  the  New  York 
paper  of  Mr.  J.  C.  Bayles,  Vol.  XIX.),  by  George  R.  Greene, 
East  Orange,  N.  J. 

Chinese  Silver-Mining  in  Mongolia,  by  H.  F.  Dawes,  Engle- 
wof>d,  N.  J. 

The  Alluvial  Tin-Deposits  of  Siak,  Sumatra,  by  Charles  M. 
Rolker,  New  York  City. 

The  Precipitation  of  Metals  from  Hyposulphite  Solutions,  by 
Charles  A.  Stetefeldt,  San  Francisco,  Cal. 

The  Mount  Morgan  Mine,  Queensland,  by  T.  A.  Rickard,  Mel- 
bourne, Australia. 

The  Refining  of  Sulphides  Obtained  in  the  Lixiviation-Process 
with  Hyposulphite  Solutions,  by  Charles  A.  Stetefeldt,  San  .Fran- 
cisco, Cal. 

Experiments  with  the  Imperatori  Process  at  Croton  Magnetic 
Mines,  New  York,  by  J.  B.  Nau,  New  York  City. 

Sampling  Ores  Without  Use  of  Machinery,  by  William  Glenn, 
Baltimore,  Md. 

Sinking  Through  Wet  Gravel  and  Quicksand  near  Norway, 
Michigan,  by  William  Kelly,  Vulcan,  Mich. 

The  Direct  Determination  of  Aluminum  in  Iron  and  Steel,  by 
Thomas  M.  Drown  and  Alexander  G.  McKenna,  Boston,  Mass. 

After  the  passage  of  suitable  resolutions  of  thanks  for  courtesies 
received,  the  meeting  adjourned. 

Members  ai^d  Associates  Elected. 

The  following  persons,  duly  recommended  by  the  Council,  were 
elected  as  members  and  associates  at  the  several  sessions  of  this 
meeting : 

Members. 

Walter  A.  Ballard, Pittsbargh,  Pa. 

Ygnacio  Bonillas, Magdalena,  Mexico. 

Frank  Buhl, Sharon,  Pa. 

John  B.  Coryell, Coming,  N.  Y. 

Edward  Doud, Sheffield,  Ala. 

J.  W.  Dougherty,    ......  Steelton,  Pa. 

C.  H.  Ferry,    . Chicago,  111. 

George  H.  Ely, Cleveland,  O. 
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Willard  Fuller, Cleveland,  O. 

WilJlam  M.  Given, Baena  Vista,  Va. 

William  Kennedy, Austin,  Tex. 

'William  J.  Kerr, Boanoke,  Va. 

Clement  Le  Bontilller, Pittsburgh,  Pa. 

R.  6.  £.  Leckie, Middleton,  N.  S. 

D.  McVichie, Iron  Belt,  Wis. 

E.  Kennard  Mitting, Chicago,  111. 

Frank  Nason, New  Brunswick,  N.  J. 

William  6.  Parke, Scranton,  Pa. 

William  B.  Parsons, New  York  City. 

Gerard  J.  Partington, Wfaiteburn  Mines,  N.  S. 

Frederick  D.  Power, Melbourne,  Australia. 

Joseph  Thomas  Pullon, Pachuca,  Mexico. 

AxelSahlin New  York  City. 

G.  A.  Sonnemann, Wardner,  Idaho. 

Erastus  Wiman, New  York  City. 

Associates. 

William  S.  Pilling, Philadelphia,  Pa. 

£.  H.  Sanborn, Bosemont,  Pa. 

M.  R.  Hunt,  Ashland,  Wis.,  having  been  elected  formerly  an 
associate  by  reason  of  a  clerical  error  in  the  proposal  of  his  name, 
as  submitted  to  the  Council,  was  unanimously  made  a  member,  in 
correction  of  the  said  mistake. 

Excursions  and  Entertainments. 

The  ladies  of  the  party  were  most  assiduously  and  agreeably 
entertained  with  drives,  social  receptions,  etc.,  organized  by  the 
Cleveland  Ladies'  Committee. 

Thursday  evening,  June  4th,  was  most  delightfully  occupied  by 
the  dinner,  given  at  The  Stillman. 

The  excursions  connected  with  the  meeting  consisted  mainly  of 
visits  to  the  many  works,  ore-docks,  water-works,  and  other  points 
of  professional  interest  in  and  about  the  city  (a  projected  trip  on 
Lake  Erie,  in  one  of  the  new  ore-carriers,  being  necessarily  aban- 
doned by  reason  of  a  labor-strike,  which  made  it  impossible  to  pre- 
pare the  vessel  intended  for  this  purpase).  These  visits  were  made 
by  large  or  small  parties  or  by  individual  members,  in  accordance 
with  the  liberal  invitations  extended  through  the  Local  Committee 
by  the  various  Cleveland  companies,  societies,  firms,  and  individual 
proprietors.  The  following  list  of  formal  invitations  received  does 
not  exhaust  the  catalogue  of  the  hospitalities  actually  bestowed : 

Civil  Engineers'  Club ;  Union  Club ;  St.  John  Typobar  Com- 
pany; Lake  Shore  Pipe  Foundry;  Otis  Steel  Company,  Limited; 
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H.  P.  Nail  Company ;  Cleveland  City  Forge  and  Iron  Company ; 
Union  Steel  Screw  Works  Company ;  Brown  Hoisting  and  Convey- 
ing Company  ;  American  Wire  Company  ;  Baackes  Wire  Nail  Com- 
pany; King  Iron  Bridge  and  Manufacturing  Company;  Brush 
Electric  Company ;  Cleveland  Rubber  Company  ;  Cleveland  Roll- 
ing Mill  Company  ;  Broadway  and  Newburgh  Street  Railroad  Com- 
pany; East  Cleveland  Street  Railroad  Company;  Cleveland  City 
Cable  Railway  Company;  Cleveland  Shipbuilding  Company ;  Globe 
Iron  Works  Company ;  Walker  Manufacturing  Company ;  Avery 
Stamping  Works. 

At  all  these  places  the  badge  furnished  by  the  Local  Committee 
to  visiting  members  was  a  sufficient  introduction. 

Registry. 

The  following  names  were  registered  in  the  office  of  the  Local 
Committee  at  hotel  headquarters.  As  is  usually  the  case  when  an 
Institute  meeting  is  held  in  a  large  city,  the  registry  is  doubtless 
smaller  than  the  actual  attendance,  many  members  arriving  Ute, 
attending  sessions  only,  lodging  at  other  hotels,  stopping  with  friends 
residing  in  the  town  or  the  suburbs,  etc.,  and  Delecting  to  register 
their  names. 


Guilliaem  Aertsen. 
W.  A.  Ballard. 
George  Bartol. 
John  Birkinbine. 
W.  H.  Blauvelt. 
Lee  Burt. 
J.  H.  Cremer. 
George  A.  Dean. 
John  S  Fackenthal. 
£.  M.  Ferguson. 
8.  T.  Ferguson. 
Edward  L.  Ford. 
G.  0.  Gardner. 
William  Gerhauser. 
Charles  B.  Green. 
G.  C.  Hewett. 
H.  D.  Hibbard. 
Theodore  M.  Hopke. 
F.  F,  Hunt. 
J.  M.  Jaycox. 
J.  E.  Johnson. 
Eliot  A.  Kebler. 
Hugh  Kennedy. 
Julian  Kennedy. 


W.  J.  Keep. 
Charles  Kirchhoffl 
John  W.  Langley. 
T.  D.  Ledvaid. 
Thomas  H.  Leggett 
Aug.  W.  Newell. 
E.  C.  Pechin. 
W.  H.  Pettee. 
Frank  A.  Ray. 
R  W.  Raymond. 
William  H.  Rea. 
8.  B.  Robbins. 
Walter  Russell. 
Edward  H.  Sanborn. 
J.  C  Smock. 
H.  C.  Spaulding. 
C.  E.  Stafford. 
John  Stevenson,  Jr. 
Ambrose  Swasey. 
John  M.  Thomas. 
S.  Whinery. 
W.  H.  Wiley. 
A.  B.  Wood. 
James  £.  York. 
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PB0CEEDING8  OF  TEE  SIXTIETH  MEETING,  QLEN 

SUMMIT,  PA.,  OCTOBER,  1891. 

LOCAL  COMMITTEE. 

E^kley  B.  Coxe,  Drifton,  Ohairman ;  Irving  A.  Stearns,  Secretary ;  and  Messrs. 
W.  A.  Lathrop,  G.  M.  Williams,  T,  H,  Phillips,  W.  J.  Richards,  H.  a  Beets,  C. 
M.  Conjrngham,  L.  D.  Shoemaker,  H.  B.  Hillman»  Paul  A.  Oliver,  A.  Mitchell,  C. 
P.  Hunt,  Elmer  H.  Lawall,  Stanley  Woodward,  W.  M.  Shoemaker,  A.  H.  Dickson, 
J.  Roberts,  Jr^  A.  J.  Davis,  J.  H.  Bowden,  R.  Van  A.  Norris,  R.  B.  Ricketts  and 
W.  H.  Stnrdevant  of  Wilkes-Barre;  W.T.  Smith,  A.  H,  Storrs,  Clarence  D,  Simp- 
son, James  Archbald,  Samuel  Hines,  £.  S.  Mofiat,  F.  E.  ;Platt,  and  Rufus  J. 
Foster,  of  Scranton ;  Thomas  McNair  and  T.  D.  Jones,  of  Hazleton :  W.  G.  Payne 
and  Daniel  Edwards,  of  Kington;  Gen.  Paul  A.  Oliver,  Oliver's  Mills;  Jno.  B. 
Law,  Pittston ;  J.  C.  Haddock,  Glen  Summit ;  Jno.  Markle,  Jeddo ;  A.  P.  Blaks- 
lee,  Delano;  Albert  Lewis,  Bear  Creek;  Geo.  T.  Morgan,  Nanticoke;  and  M.  H. 
Kemmerer,  Mauch  Chunk. 

Headqaarters  for  the  meeting  and  all  sessions  were  at  the  Glen 
Summit  Hotel. 

The  opening  session  was  held  on  Tuesday  evening,  October  6th. 
Hon.  Eckley  B.  Coxe,  Chairman  of  the  Local  Committee,  called  the 
meeting  to  order,  with  a  few  words  of  cordial  welcome,  to  which 
President  Birkinbine  made  a  suitable  response,  recalling  the  circum- 
stance that  the  name  of  Mr.  Coxe  was  the  first  of  the  three  names* 
attached  to  the  circular  which  led  to  the  oi^nization  at  Wilkes- 
Barre  in  May,  1871,  of  the  American  Institute  of  Mining  Engineers. 
He  saw  among  those  present  at  this  meeting  at  least  eight  of  the 
original  thirteen,  whose  number  had  now  grown  to  more  than  two 
thousand.  As  an  evidence  of  the  wide  influence  of  the  Institute,  he 
called  attention  to  the  list  of  candidates  who  would  be  recommended 
for  election  to  membership  at  this  meeting,  nearly  one-third  of  whom 
were  residing  in  foreign  countries  and  could  not  expect  to  share  the 
social  pleasures  of  the  Institute  meetings,  yet  appreciated  with  enthu- 
siasm the  value  of  its  DranacLotiona.  In  concluding  his  introductory 
remarks,  Mr.  Birkinbine  alluded  to  the  circumstance  that,  apart 
from  excursions  connected  with  meetings  at  Philadelphia,  this  was 
the  eighth  visit  of  the  Institute  to  the  r^ion  of  its  origin,  meetings 

*  Eckley  B.  Coze,  R.  P.  Rothwell  and  Martin  Coryell. 
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having  been  held  twice  at  Wilkes-Barre,  twice  at  Bethlehem  and  once 
each  at  Easton,  Hazleton  and  Scranton.  Nevertheless,  there  would 
be  on  this,  as  on  each  preceding  occasion,  much  to  see  that  would 
prove  novel,  as  well  as  instructive.  Mr.  Birkinbine  then  proceeded 
to  deliver  the  Presidential  Address,  on  the  Fuel-Supply  of  the 
United  States. 

After  the  election  of  a  large  number  of  members  and  associates 
(see  list  below)  the  following  papers  were  read  and  discussed : 

A  Hand-Telescope  for  Stadia- Work,  by  Robert  H.  Richards, 
Boston,  Mass.  ' 

Results  of  Stream-Measurements  of  the  U.  S.  G^I<^ical  Survey, 
by  F.  H.  Newell^  Washington,  D.  C. 

The  second  session  was  held  Wednesday  morning,  October  7th , 
when  the  following  paper  was  read  and  discussed : 

The  Florence  Oil-Field,  Colorado,  by  George  H.  Eldridge, 
Washington,  D.  C. 

The  President  read  the  following  tel^rara  from  F.  J.  V.  Skiff, 
Chief  of  the  Department  of  Mines  and  Mining  in  the  Chicago  Co- 
lumbian Exposition: 

^'  I  am  directed  by  the  Director-Gkneral  of  the  World's  Columbian  Exposition 
to  congrataliite  your  distinguished  organization  od  its  sixtieth  oonyention,  and 
invite  the  co-operation  of  the  American  Mining  Engineers,  to  the  end  that  the 
science  and  industry  to  which  you  are  devoted  may  take  its  proper  rank  in  demon- 
strating the  world's  progress.'' 

A  discussion  then  took  place  on  the  topic  of  the  magnetic  con- 
centration of  iron-ore,  in  connection  with  which  the  following  papers 
were  presented : 

The  Use  of  Magnetic  Concentrates  in  the  Port  Henry  Blast-Fur- 
naces, by  N.  M.  Langdon,  Port  Henry,  N.  Y. 

Practical  Results  in  the  Magnetic  Concentration  of  Iron-Ore, 
by  W.  H.  Hoffman,  Brewster,  N.  Y. 

Note  on  Sampling  Iron-Ore,  by  E.  K.  Landis,  Pottstown,  Pa. 

The  Determination  of  Iron  in  the  Tails  from  Magnetic  Concen- 
tration, by  E.  K.  Landis,  Potttstown,  Pa. 

During  the  discussion,  which  occupied  the  remainder  of  the 
session,  the  Secretary  presented  also  a  communication  on  the  subject 
from  Clemens  Jones,  Hokendauqua,  Pa. 

The  third  session  was  held  Wednesday  afternoon. 

B.  E.  Fernow,  Washington,  D.  C,  made  some  remarks  on  the 
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proposed  governmeDt  tests  of  timber,  as  calcalated  to  furnish  infor- 
mation valuable  to  engineers. 

The  following  papers  were  read  and  discussed : 

Tests  and  Requirements  of  Structural  Wrought-Iron  and  Steel^by 
A.  E.  Hunt,  Pittsburgh,  Pa.  (Discussed  by  Wm.  H.  Morris,  Wm. 
Kent,  Oliver  Williams,  C.  B.  Dudley,  Eckley  B.  Coxe  and  others.) 

Centrifugal  Ventilators,  by  R.  Van  A.  Norris,,  Wilkes-Barre,  Pa. 
(Discussed  by  A.  H.  Storrs,  J.  C.  Piatt,  T.  D.  Jones  and  others.) 

Before  the  adjournment  of  the  session,  Messrs.  A.  E.  Hunt,  J.  F. 
Holloway  and  J.  H.  Harden  were  appointed  a  committee  to  prepare 
suitable  resolutions  in  acknowledgment  of  the  services  and  hospitali- 
ties of  the  Local  Committee  and  in  recognition  of  the  peculiar  sig- 
nificance of  this  meeting  of  the  Institute,  nearly  twenty-one  years 
after  its  organization,  in  the  vicinity  of  the  locality  of  that  event. 
(The  report  of  this  committee,  subsequently  adopted  by  acclama- 
tion at  the  "camp-fire"  of  October  8th,  is  given  below.) 

The  fourth  and  concluding  session  was  held  on  Wednesday  even- 
ing, when  the  following  papers  were  read  and  discussed  : 

Notes  on  a  Novel  Cable-Transfer  for  Railroad-Cars,  and  the  Use 
of  the  Patent  Locked-Rope,  by  E.  G.  Spilsbury,  Trenton,  N.  J. 

Electric  Locomotives  in  Grerman  Mines,  by  Karl  Eilers,  Berlin, 
Germany.     (Discussed  by  H.  C.  Spaulding  and  others.) 

The  Utilization  of  Puddle-  and  Re-heatiug-Slags  for  Paint-Siock, 
by  Axel  Sahlin,  New  York  City. 

The  remainder  of  the  session  was  occupied  with  the  discussion  of 
the  Preparation  and  Utilization  of  the  Small  Sizes  of  Anthracite 
Coal,  opened  with  a  paper  on  that  subject  by  Eckley  B.  Coze, 
Drifton,  Pa. 

In  connection  with  this  discussion,  a  paper  was  presented  on  The 
Utilization  of  Anthracite  Waste  by  Gasification  in  Producers,  by  W. 
H.  Blauvelt,  Philadelphia,  Pa.;  also,  a  brief  communication  from 
F.  M.  F.  Cazin,  New  York  City,  concerning  the  manufacture  of 
coke  from  mixed  anthracite  and  bituminous  ^*  smalls ;"  and  a  paper 
was  announced  by  R.  J.  Foster,  Scranton,  on  the  Use  of  the  McClave 
Grate  and  Argand  Steam-Blower.  The  discussion  was  continued  by 
Messrs.  E.  G.  Spilsbury,  Wm.  Kent,  R.  J.  Foster,  J.  C.  Haddock, 
E.  S.  Moffat,  E.  V.  Dlnvilliers,  W.  H.  Morris,  J.  F.  Holloway, 
C.  B.  Dudley  and  others,  and  at  its  close  the  meeting  was  adjourned. 

In  addition  to  the  papers  above  mentioned  as  read,  the  following 
were  presented  in  printed  form,  but  not  discussed  : 
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Electricity  in  Mining,  as  Applied  by  the  Aspen  Mining  and 
Smelting  Company,  by  M.  B.  Holt,  Aspen,  Colo. 

The  Manufacture  of  Liquid  Sulphurous  Acid  in  Upper  Silesia,  by 
Karl  Eilers,  Berlin,  Germany. 

A  Chinese  System  of  Gold-Milling,  by  Henry  Louis,  Singapore, 
Straits  Settlements. 

Cord- Wood  in  ^e  Matting  Blast-Furnace,  by  Herbert  Lang, 
Mineral,  Idaho. 

Apparatus  for  the  Manipulation  of  Iron  and  Steel  Plates  During 
the  Process  of  Finishing,  by  Gram  Curtis,  Pittsburgh,  Pa. 

The  Handling  of  Ingots  and  Moulds  in  Bessemer  Steel  Works, 
by  Gram  Curtis,  Pittsburgh,  Pa. 

Tandem-Tanks  for  Hoisting  Water  from  Flooded  Slopes,  by  J. 
H.  Bowden,  Wilkes-Barre,  Pa. 

And  the  following  papers  were  read  by  title : 

The  Bendigo  Gold-Field,  by  T,  A.  Rickard,  Allemont,  Is^re, 
France. 

Mining  in  Honduras,  by  W.  A.  Thacher,  Leadville,  Colo. 

Photographing  and  Co-ordinate  Surveying,  by  Henry  M,  Stanley, 
Nogales,  Arizona. 

A  New  System  of  Ore-Sampling,  by  H.  L.  Bridgman,  Blue 
Island,  111.  , 

Notes  on  the  Iron-Ores  of  Danville,  Pa.,  with  a  Description  of 
the  Long- Wall  Method  of  Mining  Them,  by  H.  H.  Stok,  South 
Bethlehem,  Pa. 

Report  of  the  Special  Committee. 

The  following  report  of  the  Special  Committee,  appointed  at  the 
third  session  of  the  meeting,  was  presented  and  adopted  by  acclama- 
tion at  the  "  Camp-Fire  "  on  Thursday  evening : 

Mr.  Pbbsideitt  and  Members  of  the  Institute; 

In  assigning  to  their  committee  its  duties,  you  were  pleased  to  remind  us  of  tke 
fact  that  twenty  years  ago  the  Institute  was  founded  at  and  held  their  first  meeting 
in  Wilkes-Barre,  which,  as  you  know,  lies  at  the  foot  of  the  mountain  and  in  the 
beautiful  valley  of  Wyoming,  and  but  a  short  distance  from  here.  Whether  the 
locating  of  the  twentieth  anniversary  at  Glen  Summit,  high  above  the  valley  in 
which  the  Institute  had  its  origin,  was  by  accident  or  design,  we  do  not  know,  bat 
it  would  seem  to  be  significant  in  more  ways  than  one.  The  time  at  disposal  will 
prevent  an  extended  recital  of  the  history  of  the  Institute  in  these  interesting 
years,  but  of  its  growth  and  progress  it  may  be  said,  beginning  as  it  did  in  a  modest 
way,  it  has  gradually  increased  in  membership  and  in  the  quality  of  its  publications 
until  to-day  it  stands  figuratively,  as  it  does  in  reality,  on  the  ground  near  to  where 
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it  started,  but  on  a  flammit  of  importanoe  and  excellence  that  looks  with  commend- 
able pride  on  its  loTely  birth-place. 

The  original  call  for  a  meeting  was  signed  by  three  persons,  and  the  name  at  the 
head  of  the  list  is  the  genial  chairman  of  the  present  Local  Committee,  Ecklej  B. 
Coxe,  followed  bj  R.  P.  Both  well  and  Martin  Coryell.  The  last-named  gentleman 
was  for  two  years  the  secretary  of  the  Society,  and  the  secretary  'pro  tem,,  curiously 
enough,  was  the  gentleman  who  now  is  and  has  been  for  the  past  seven  years  secre- 
tary of  the  Institute ;  and  it  no  doubt  is  due  to  the  fact  of  his  early  training  in  this 
line  that  he  has  proven  to  be  such  an  efficient  officer.  The  institute  had  the  good 
fortune  to  have  for  its  first  president  one  of  the  great  pioneer  iron-makers  of  this 
country,  David  Thomas.  Since  then  fifteen  presidents  have  filled  the  office,  two  of 
whom  served  two  terms  each,  and  one,  our  present  secretary,  served  for  three. 

To  speak  of  the  men  who,  since  the  first  meeting  in  1871  to  the  present,  have 
joined  its  ranks  and  contributed  to  its  literature,  would  be  a  task  your  committee 
could  not  undertake;  but  they  feel  that  they  would  not  have  fulfilled  the  obligation 
imposed  upon  them  in  this  retrospective  view  did  they  not  recall  to  your  memory 
such  names  as  Thomas,  Ashbumer,  Coryell,  Holley,  Gowan,  Henrich,  Firmstone, 
Cheever,  Captain  Jones,  James  Park,  Jr.,  General  Pleasants,  Henry  Worthington, 
and  others,  the  records  of  whose  achievements  still  linger  in  your  memory,  and 
who  have  gone  to  join  the  **  great  majority." 

A  recital  of  the  history  of  the  Institute  would  be  incomplete  that  did  not  recog- 
nize the  lasting  obligations  we  are  all  under  to  that  faithful,  efficient,  and  indus- 
trious secretary  of  eleven  years'  standing,  who,  in  the  hour  of  peril,  neglecting  his 
personal  interests,  saved  from  the  fire  the  treasures  you  intrusted  to  his  care,  Thomas 
M.  Drown.  If  you  refer  to  the  call  for  the  first  meeting,  issued  in  April,  1871,  in 
which  so  well  was  set  forth  its  objects  and  aim,  and  will  then  turn  to  the  nineteen 
volumes  of  its  TrafuacUont  which  adorn  your  library,  we  are  certain  you  will  con- 
cede that  not  only  were  the  foundations  well  prepared  by  the  early  pioneers,  but  as 
well  there  has  been  built  a  noble  structure  of  engineering  knowledge  and  experi- 
ence which,  in  the  coming  years,  will  be  helpful  to  all  who  shall  come  after  us.  It 
is  one  of  the  pleasantest  features  of  this  gathering  that  we  have  with  us  at  least  six 
members  who  were  a  part  of  that  first  meeting  at  Wilkes- Barre,  Messrs.  Coxe,  Ray- 
mond, Harden,  Allison,  Oliver,  and  Stearns,  and  possibly  others. 

Beaolved,  That  the  thanks  of  the  American  Institute  of  Mining  Engineers  be  ten- 
dered to  the  Lehigh  Valley  Bailroad  Company  for  the  generous  repetition  of  favors 
so  often  bestowed  in  the  way  of  transportation  over  their  lines. 

Betolvedy  That  the  hearty  thanks  of  every  man,  woman,  and  child  who  had  the 
good  fortune  to  participate  in  the  excursion  in  the  Wyoming  Valley  and  the 
luncheon  at  Harvey's  Lake,  is  due  and  thankfully  tendered  to  Albert  Lewis,  whose 
thoughtful  attentions  and  bounteous  hospitality  made  the  occasion  one  long  to  be 
remembered.  ' 

Reaolved,  That  the  attention  paid  the  Institute  by  the  press  of  Wilkes-Barre  in  the 
full  and  accurate  report  made  of  its  proceedings,  merits  our  warmest  thanks. 

Reaolved,  That  the  Local  Committee^  who,  through  their  officers,  Messrs.  Coxe, 
Steams  and  Lathrop,  left  nothing  undone  that  could  have  added  to  the  snap  of  the 
meeting  or  the  enjoyment  of  the  members  and  their  guests,  be  tendered  our  kindest 
regards  and  sincereet  thanks. 

Baoihtdy  That  we  know  we  shall  want  to  thank  Eckley  B.  Coxe  and  his  associates 
for  the  kindly  services  that  we  are  sure  of  receiving  at  his  hands  to-morrow,  and 
therefore  wish  to  say  thank  yon  now,  while  we  are  assembled  and  have  the  oppor- 
tunity for  this  anticipated  pleasure. 
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Betolwdf  That  thanks  he  given  to  (General  Paul  A.  Oliver,  who  eo  handsomelj 
entertained  us  at  his  country-seat^  where  the  cheerj  brightness  and  the  glowing 
warmth  of  his  biasing  camp-fires  were  emblematic  of  the  man  who,  in  so  manj 
wajs,  has  made  the  world  better  and  brighter  for  his  being  in  it)  and  if  he  to-night 
enjoys  having  us  here  as  we  enjoy  being  here,  he  is  a  happy  man. 

Members  and  Associates  Elected. 

The  following  persons^  duly  reoom mended  by  the  Council,  were 
elected  at  the  several  sessions : 


members. 


H.  M.  Becher, 
Talmadge  Blass, 
Frederick  W.  Bradley, 
William  Brown, 
Louis  E.  Bryant, 
Robert  E.  Chambers, 
Charles  W.  Chapman, 
John  R.  Claghorn,  . 
Charles  M.  Conyngham, 
John  N.  Conyngham, 
Montgomery  B.  Cone, 
E.  L.  Corthell, 
Charles  D.  Cowland, 
George  Davey, 
William  M.  Davis, 
Frank  Eagle,   . 
James  J.  Evans, 
Emile  E.  Everett, 
Alberto  Figari, 
P.  H.  Griffin,   . 
Dr.  F.  Gildemeister, 
George  Faunce, 
John  C.  Haddock, 
J.  S.  Hartrick, 
George  L.  Heath, 
R.  B.  Hutchinson, 
John  M.  Higgins, 
George  F.  Hbsking, 
Walter  R.  Ingalls, 
Orlando  S.  Johnson, 
James  F.  Kemp, 
A.  Eoberloi 
John  B.  Law,  . 
Andrew  C.  Lawson, 
William  J.  Love, 
Burdett  Loom  is, 
Richard  McCulloch, 
David  M.  Meeker,   , 


Singapore  Straits  Settlements. 

Brewster,  N.  Y. 

Wardner,  Idaho. 

Phoenizville,  Pa. 

Harrison,  Tenn. 

New  Glasgow,  N.  S. 

Melbourne,  Australia. 

Philadelphia,  Pa. 

Wilkes-Barre,  Pa. 

Wilkes-Barre,  Pa. 

Roanoke,  Va. 

Chicago,  111. 

London,  England. 

Michoacan,  Mexico. 

Altoona,  Pa. 

Chicago,  111. 

Cummings,  111. 

Iron  Mountain,  Mich. 

Lima,  Peru. 

Buffiilo,  N.  Y. 

Lima,  Pern. 

Mansfield  Valley,  Pa. 

New  York  City. 

Melbourne,  Australia. 

South  Lake  Linden,  Mich. 

Denver,  Colo. 

North  Adelaide,  South  Australia. 

Bendigo,  Otago,  New  Zealand. 

New  York  City. 

Scranton,  Pa. 

New  York  City. 

Bonne  Terre,  Mo. 

Pittston,  Pa. 

Berkeley,  Cal. 

Embreeville,  Tenn. 

Hartford,  Conn. 

St.  Louis,  Mo. 

Newark,  N.  J. 
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Alfred  T.  Metcaif,   . 

I.  C.  H.  Mingage,     . 

Isaac  B.  Moister,     . 

J.  A.  Montgomery,  . 

Dr.  Francisco  de  Monlevade, 

George  F.  Myers^    . 

Edgar  G.  Moxham, . 

George  L.  Norris,    . 

Garni lo  £.  Pani, 

Arthur  G.  Payne^     • 

W.  G.  Payne,  . 

A.  G.  Phillips, 

J.  D.  Pope, 

Prof.  James  M.  Porter, 

B6ne  Proust,    . 

Badolf  Buetschi,     . 

Nathaniel  Boberts,  . 

James  P.  Boe, . 

Gharles  M.  Schwab, . 

Harry  P.  Simpson,  • 

Prof.  £Qalmar  Sjogren, 

Joseph  Skelding, 

£.  J.  Spencer, . 

John  G.  Slocum,      • 

£.  M.  Touzeaa, 

Bobert  S.  Towne,     . 

W.  H.  Trewenack,  . 

Gharles  Vivian, 

John  B.  Wagner,     . 

Harry  F.  Walker,    . 

Bobert  L.  Walker,  . 

Thomas  H.  Watkins, 

Samuel  D.  Warriner, 

William  G.  Wilkins, 

Morris  Williams, 

Bobert  H.  Wilson,  . 


Johannesburg,  South  Africa. 

Sidney,  N.  S.  W. 

Wilkes-Barre,  Pa. 

Birmingham,  Ala. 

Bio  Janeiro,  Brazil. 

New  York  aty. 

Pulaski,  Va. 

Pencoyd,  Pa. 

Mexico,  Mexico. 

Orange,  N.  J. 

Kingston,  Pa. 

Johannesburg,  South  Africa. 

Phillipsburg,  Mon. 

Easton,  Pa. 

Boxburg,  Otago,  New  Zealand. 

Argentine,  Kan. 

Jersey  City,  N.  J. 

Pottstown,  Pa. 

Braddock,  Pa. 

Scranton,  Pa. 

Upsala,  Sweden. 

Low  Moor,  Va. 

Lynn,  Mass. 

Ghicago,  IlL 

London,  England. 

New  York  City. 

Sunny  Comer,  N.  S.  Wales. 

Scranton,  Pa. 

Drifton,  Pa. 

Paterson,  N.  J. 

Pittsburgh,  Pa. 

Scranton,  Pa. 

Wilkes-Barre,  Pa. 

Pittsburgh,  Pa. 

Shamokin,  Pa. 

Saltsburg,  Pa. 


ASSOCIATES. 


J.  V.  Darling, .        • 
M.  W.  Evans,  . 
Albert  Lewis,  . 
Stephen  J.  Meeker, . 
Channoey  G.  Newton, 
£.  E.  B.  Tratman^   . 


Wilkes-Barre,  Pa. 
New  Orleans,  La. 
Bear  Creek,  Pa. 
Newark,  N.  J. 
Buchtel,  O. 
New  York  City. 


Associates  made  Membebs. 

Charles  P.  Coleman, 
William  S.  Ackerman. 
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Excursions  and  Entertainments. 

Thursday  was  spent  iu  a  delightful  excursion  through  the  Wyo- 
ming valley,  by  special  train.  The  party  was  entertained  at  lunch- 
eon by  Mr.  Albert  Lewis,  at  Harvey's  Lake. 

On  Thursday  evening  a  picturesque  and  charming  "  camp-fire " 
reception,  given  by  General  Paul  A.  Oliver,  in  the  beautiful  forest 
near  his  residence,  was  attended  by  hundreds  of  guests,  who  lingered 
until  midnight  among  the  unique  attractions  of  the  place. 

Friday  was  spent  in  the  Lehigh  region,  where  the  iron-breakers 
at  Drifton,  the  great  open-works  of  Coxe  Brothers  &  Co.  on  the 
Mammoth  vein,  and  other  points  of  interest  were  visited.  Lun- 
cheon was  served  in  the  woods  at  Oneida. 

Minor  excursions  to  GlSn  Onoko,  the  Mauch  Chunk  Switchback, 
6tc.,  were  arranged  on  Saturday  for  such  as  desired  to  remain. 

Eegistry. 

The  following  names  were  registered  at  the  Glen  Summit  Hotel 
during  the  meeting.  It  is  probable  that  many  members,  residing  in 
the  vicinity,  did  not  register.  The  sessions  and  excursions  were 
numerously  attended  by  ladies  accompanying  members : 


Bobert  Allison. 
James  Arckbald. 
James  Archbald,  Jr. 
John  Birkinbine. 
T.  Blass. 
J.  H.  Bowden. 
Jerome  L.  Boyer. 
William  McH.  Boyer. 
v.  M.  Braschi. 
John  A.  Charch. 
B.  N.  Clark. 
Charles  M.  Conyngham. 
J.  B.  Coryell. 
Eckley  B.  Coze. 
J.  S.  Cunningham. 
W.  B.  Cogswell. 
Edmund  F.  Davis. 
David  F.  Day. 
W.  S.  De  Camp. 
E.  v.  d'lnvilliers. 
Charles  B.  Dudley. 
Daniel  Edwards. 
George  H.  Eldridge. 
E.  B.  Ely. 
John  D.  Evans. 
John  S.  Fackenthal. 


B.  E.  Femow. 
Frank  Firmstone. 
Bnftis  J.  Foster. 
John  Fritz. 
H.  Stanley  Goodwin. 
Charles  B.  Green. 
John  C.  Haddock. 
John  H.  Harden. 
G.  C.  Hewett. 
Samuel  Hines. 
Thomas  Hodgson, 
W.  H.  Hoffman. 
L.  Holbrook. 
J.  F.  HoUoway. 
W.  8.  Hungerford. 
Alfred  E.  Hunt. 
E.  C.  Huxley. 
Baird  Halberstadt. 
W.  B.  In  galls. 
John  H.  Janeway,  Jr. 
Guy  B.  Johnson. 
E.  D.  Johnston. 
T.  D.  Jones. 
Washington  Jones. 
M.  S.  Kemmerer. 
William  Kent. 
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C.  Kirchhoff. 
G.  F.  Knapp. 
T.  H.  Knight. 

D.  W.  Langdon,  Jr. 
N.  M.  Langdon. 
W.  A.  LathTop. 
John  B.  Law. 
Elmer  H.  Lawall. 
B.  G.  K  Leckie. 

A.  C.  Leisenring. 
Walter  Leisenring. 
Albert  Lewis. 

A.  McClellan. 
Thomas  L.  McNair. 
Bobert  Mannesmann. 
John  Markle. 
Spencer  Miller. 

£.  S.  Moffat. 
M.  G.  Moore. 
S.  F.  Morris. 
W.  H.  Morris. 
F.  H.  Newell. 

B.  Van  A.  Norris. 
Panl  A.  Oliver. 
W.  G.  Parke. 

E.  M.  Parrott. 
S.  B.  Patterson. 
W.  G.  Payne. 
Bichard  Peters,  Jr. 
Thomas  H.  Phillips. 
J.  C.  Piatt 

F.  E.  Piatt 
Theodore  D.  Band. 
John  C.  F.  Bandolph. 


B.  W.  Baymond. 
Bobert  H.  Biehards. 
H.  S.  Beets. 

W.  J.  Biehards. 
William  H.  Bichmond. 
Axel  Sahlin. 
R  H.  Sanbome. 
H.  B.  Seaman. 
H.  J.  Seaman. 
A.  W.  Shaefer. 
W.  L.  Shaefer. 
William  P.  Shlnn. 

C.  D.  Simpson. 
H.  P.  Simpson. 
J.  C.  Smock. 

H.  C.  Spanlding. 
K  J.  Spencer. 
E.  G.  Spilsbnry. 
Irving  A.  Steams. 
H.  H.  Stoek. 
A.  H.  Storrs. 
S.  Stntz. 
Horace  See. 
W.  T.  Smith. 
William  Thaw,  Jr. 
H.  G.  Torrey. 
John  B.  Wagner. 
S.  D.  Warriner. 
W.  G.  Welkins. 
Oliver  Williams. 
Charles  Vivian. 
Leo  Von  Boeenberg. 
C.  H.  Zehnder. 
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THE  C0N8TBUCTI0N  OF  DETAILS  FOB  A  MOBEBN 

LIXIVIA  TION  PLANT. 

BY  C.   A.    STETEFELDT,   SAN  FRANOISCO,   CAL. 
(Cleyeland  Meeting*  June,  1801.) 

A  MODERN  lixiviation-plant  for  the  treatment  of  silver-ores  with 
hyposulphite  solutions  differs  so  materially  from  its  ancestors,  that 
a  critical  description  of  the  improvements  recently  carried  out  and 
proposed,  will  not  be  without  interest  to  metallurgists.  While  the 
general  arrangement  of  such  a  plant  depends  upon  local  circum- 
stances, its  details  of  construction  are  more  or  less  constant  and  can 
be  described  from  a  general  standpoint. 

The  plant  consists  of  wooden  tanks  in  which  the  ore  is  treated 
and  solutions  are  accumulated;  apparatus  for  elevating  and  trans- 
ferring solutions,  and  for  creating  a  vacuum  below  the  filters  of 
ore-tanks ;  filter-presses  and  drying-chambers  for  handling  pre- 
cipitates; apparatus  for  manufacturing  sodium  sulphide,  etc. 

§  1.  Wooden  Tanks. 

Construction. — ^Tanks  should  be  made  of  clear,  well-seasoned 
lumber.  In  the  United  States,  Oregon  pine  is  the  best  material  for 
this  purpose.  The  staves,  from  3  to  4  inches  thick,  according  to 
size  of  tank,  should  be  ordered  cut  to  sweep  of  radius,  and  from  9 
to  10  inches  longer  than  the  inside  depth,  but  not  "gained''  for  the 
bottom.  The  gaining  of  the  staves,  1  inch  deep,  is  done  by  hand, 
leaving  a  chine  of  6  inches  below  the  bottom.  In  all  tanks  the 
staves  stand  perpendicular  to  the  bottoms.  The  bottom  pieces,  3  to  4 
inches  thick,  are  cut  to  a  diameter  of  2  inches  greater  than  that  of  the 
finished  tank;  they  are  grooved  and  joined  by  a  tongue.  All  joints 
must  be  fitted  with  precision.  White  lead  should  never  be  put  be- 
tween the  staves,  but  may  be  used  in  inserting  the  tongues  between 
bottom  pieces.  The  understructures  of  substantial  timbers,  placed 
on  a  solid  foundation,  should  be  sufficiently  high  to  allow  access  to 
the  bottom  in  case  of  leakage.  The  bottoms  rest  on  joists,  3  to  4 
inches  wide  and  10  to  12  inches  deep,  placed  about  2  feet  6  inches 
apart,  so  that  the  staves  are  left  entirely  free.     Hoops  are  made  of 
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round  iron^  ^  to  1^  inches  diameter,  the  threaded  ends,  with  hexa- 
gonal nuts,  passing  through  forged  or  cast-iron  lugs,  giving  prefer- 
ence to  the  former.  In  order  to  get  the  full  strength  of  the  rods, 
the  threaded  ends  are  taken  ^  inch  larger  than  the  diameter  of  the 
rod.  For  tanks  of  large  diameter,  each  hoop  is  made  in  two  or 
three  sections;  this  is  necessary  to  eflFect  a  more  uniform  closing  of 
the  stave-joints  by  tightening  the  nuts  in  two  or  three  places. 

After  finishing,  the  tanks  are  painted  on  the  outside,  staves  and 
bottoms,  with  three  coats  of  white  lead. 

Dimensions. — Formerly,  the  dimensions  of  lixiviation-tanks  were 
taken  quite  small:  Ore-tanks  not  larger  than  12  feet  diameter  and 
3  to  4  feet  deep ;  precipitating-tanks,  solution-sumps  and  storage- 
tanks  of  corresponding  dimensions.  In  recent  works,  however,  ore- 
tanks  of  16  to  20  feet  diameter  and  8  to  9  feet  depth ;  precipitating- 
tanks,  solution-sumps  and  storage-tanks  of  12  feet  diameter  and  8 
to  9  feet  depth  are  put  up.  As  can  readily  be  seen,  the  care  and  at- 
tention required  to  finish  a  charge  in  an  ore-tank,  or  to  precipitate 
a  solution  in  a  precipitating-tank,  are  independent  of  the  size  of  the 
vessel ;  hence,  the  great  advantages  of  large  sizes. 

The  capacity  of  an  ore-tank  for  twenty-four  hours  depends  upon 
the  specific  gravity  of  the  ore,  the  quantity  of  first  and  second  wash- 
water,  and  of  stock-solutions  required  for  treatment,  but  principally 
upon  the  rate  of  lixiviation.  Capacity  increases  in  proportion  to 
diameter,  but  remains  nearly  stationary  so  far  as  depth  is  concerned ; 
that  is,  the  same  number  of  ore-tanks  will  be  required  whether  their 
depth  is  9  feet  or  only  4  or  6  feet,  in  order  to  treat  a  stipulated 
quantity  of  ore  per  day.  In  fact,  should  the  rate  of  lixiviation  in- 
crease with  reduced  depth,  the  same  number  of  shallow  tanks  would 
put  through  in  twenty-four  hours  more  ore  than  deep  ones.  The 
principal  advantage  of  increased  depth  consists,  therefore,  only  in 
reducing  the  number  of  charges  treated. 

Sluicing  Tailings. — Where  water  is  abundant,  tailings  are  now  re- 
moved by  sluicing,  and  great  depth  of  the  charge  is  no  disadvantage. 
Even  where  water  is  scarce,  and  tailings  have  to  be  removed  by 
hand,  deep  tanks  should  be  used.  It  is  only  necessary  to  provide 
mechanical  means  for  moving  above  the  tanks  large  buckets  into 
which  the  tailings  are  shovelled. 

Filters/or  Ore^Tanks. — The  false  bottoms  for  the  filter,  and  the 
latter  itself,  are  prepared  as  follows:  Wooden  slats,  If  inches  high 
and  1  inch  wide,  and  separated  1  inch  from  each  other,  are  fastened 
to  the  bottom.     This  has,  so  far,  been  done  with  iron  screws,  bedded 
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in  white  lead ;  I  would  suggest  pins  of  hard  wood.  The  inside 
of  the  slats^  next  to  'the  bottonci,  is  cut  out  in  many  places,  f  inch 
deep  and  3  inches  wide,  so  that  a  free  passage  of  the  solution  below 
the  filter  is  established.  Between  the  ends  of  the  slats  and  the 
staves  a  clear  space,  1}  inches  wide,  is  left.  A  strip  of  wood. 
If  inches  high  and  1  inch  wide,  previously  cut  with  a  saw  in  many 
places,  and  well  soaked  in  water,  so  that  it  will  bend  easily,  is  now 
&stened  round  the  slats,  leaving  an  annular  space,  ^  inch  wide,  be- 
tween the  strip  and  the  staves.  One  thickness  of  stiff  matting,  covering 
the  slats  and  the  circular  strip,  but  not  the  annular  space,  forms  the 
foundation  of  the  filter-cloth  proper.  The  latter.  No.  10  canvas- 
duck,  is  cut  to  a  diameter  6  inches  greater  than  the  inside  of  the 
tank,  so  that  the  ends  can  be  pressed  into  the  annular  space  described 
above,  and  kept  in  position  by  forcing  down  a  i^-inch  rope. 

Sluioe- Gates. — A  gate  for  sluicing  tailings  is  illustrated  in  the 
Tran8.j  vol.  xv.,  p.  359.  The  discharge-opening  should  be  18  to 
20  inches  wide  and*  8  to  9  inches  high.  The  door  is  covered  with  a 
sheet  of  rubber,  and  should  be  suspended  by  a  counter- weight  when 
removed.  For  very  large  ore-tanks,  say  18  to  20  feet  diameter,  it 
is  desirable  to  have  two  sluice-gates  diametrically  opposite  to  each 
other.     The  bottom  of  the  gate  should  be  flush  with  the  filter. 

Solution- Outlets  for  the  OrcnTanka, — These  are  made  of  2-inch, 
six-ply,  rubber  steam-hose,  which  is  inserted  in  the  following  way : 
A  piece  of  clear  plank,  3  or  4  inches  thick,  is  fastened  to  the  bottom 
of  the  ore-tank  with  wood-screws,  and  a  hole,  having  the  exact  size 
of  the  outside  diameter  of  the  hose,  is  bored  through  the  bottom  and 
the  plank,  at  a  flat  angle  of  about  30^.  Through  this  hole  the  hose 
is  forced.  All  joints  are  made  with  thick  white  lead,  the  wood- 
Qcrews  being  also  bedded  in  this  material.  A  pin  of  hard  wood  is 
finally  driven  through  the  end  of  the  hose  into  the  wood.  If  the 
solution-hose  is  permanently  connected  with  a  Montejus  (see  §  6) 
for  producing  a  vacuum  below  the  filter,  and  leaching  with  water 
from  below  the  filter  is  desirable,  a  second  hose  should  be  inserted 
in  the  bottom  of  the  tank  and  connected  with  the  water-pipe. 
Finally,  a  third  outlet  may  be  provided  and  connected  with  a 
Koerting  ejector  or  a  geyser-pump  (see  §  7),  if  circulation  of  extra- 
solution  is  necessary. 

Launders  for  Solutions  in  front  of  Ore-Tanks. — These  launders, 
6  inches  wide  and  8  inches  deep,  are  made  of  clear  Ij^-inch  lumber 
and  painted  inside  and  outside  with  asphalt  varnish.  They  are 
placed  level,  and  should  be  held  together  with  properly  constructed 
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braces.  Connection  with  precipitating-tanks  is  made  by  3-inch,  six- 
ply  rubber  hose,  which  is  inserted  in  the  same  way  as  the  hose  in 
the  bottom  of  the  ore-tanks,  but  the  hole  is  not  bored  slanting. 

Launders  are  needed  as  follows :  One  for  silver-bearing  wash- 
water,  one  for  waste  water,  one  for  solution,  one  for  weak  solution. 
If  it  is  desirable  to  treat  ore  at  different  periods  with  cold  and 
hot  solutions,  and  to  keep  these  solutions  in  rotation  separately,  a 
fifth  launder  must  be  added.  Launders  are  either  placed  a  short 
distance  below  the  ore-tanks  (from  bottom  of  staves  to  top  of 
launders,  about  9  inches),  and  above  the  precipitating-tanks  (about  6 
inches  from  bottom  of  launders  to  top  of  precipitating-tank) ;  or  5  to 
6  feet  above  the  top  of  precipitating-tanks,  and  below  the  upper- 
floor  round  ore-tanks.  The  first  position  is  taken  if  no  artificial 
means  are  used  to  increase  the  rate  of  lixiviatiou ;  the  second  if  the 
rate  of  lixiviatiou  is  increased  by  a  Montejus  with  vacuum.  (See 
§  6.)  The  high  position  in  the  latter  case  is  necessary  to  give  suf- 
ficient head  to  the  discharge  through  the  3-inch  hose  of  the  launder, 
when  the  solution  is  suddenly  pressed  up  from  the  Montejus. 

Boxes  for  Chemicals. — Solutions  introduced  to  the  ore-tanks  are 
first  conducted  to  a  wooden  box  or  barrel,  with  holes  in  the  sides, 
standing  on  top  of  the  charge.  This  prevents  stirring  up  of  the  ore 
by  a  strong  current  of  solution.  These  boxes  also  receive  the 
copper  sulphate  and  sodium  hyposulphite  for  making  extra-solution 
in  the  ore-tank. 

Tail-Baces. — If  tailings  are  discharged  by  sluicing,  proper  atten- 
tion should  be  paid  to  the  construction  of  tail-races.  Their  inclina- 
tion depends,  of  course,  on  the  specific  gravity  and  coarseness  of  the 
material ;  it  should  never  be  less  than  f  inch  to  the  foot. 

Precipitating'  Tanks, 

Stirrei^s, — For  stirring  by  hand,  an  oar  of  ash,  16  feet  long,  is 
used.  Mechanical  stirrers  are,  however,  far  superior  to  hand- 
stirring.  The  best  form  of  a  stirrer  is  a  propeller-screw  of  about  2 
feet  diameter,  making  120  revolutions  per  minute.  The  screw 
revolves  about  1  foot  above  the  bottom  of  the  tank.  Since  the 
lower  end  of  the  propeller-shaft  can  not  be  very  well  left  without  a 
guiding  bearing,  and  at  the  same  time  should  be  protected  against 
the  corroding  influence  of  the  solution,  it  is  enclosed  in  a  heavy 
glass  tube,  held  in  position  by  rubber  nipples  and  iron  washers.  The 
guiding  bearing  is  made  oi  lignum  mice. 

Stirring  solutions  with  air,  as  described  in  the  catalogues  of  the 


DETAILS  FOB  A   MODERN   LIXIVIATION-PI.ANT.  7 

Koerting  Bros.,  is  very  effective.  Some  trials  have  recently  been 
made  with  air-stirring  at  the  Marsac  mill ;  but  it  remains  to  be  seen 
whether  this  method  decomposes  sodium  hyposulphite  in  perceptible 
quantities  or  not. 

Decanting-Pipes. — The  decanting  of  the  clear  solution,  after 
precipitation,  is  done  by  a  swinging  2-inch  gas-pipe,  working 
through  a  stuffing-box.  An  illustration  of  this  arrangement  is 
found  in  the  paper  of  Mr.  Daggett  {Trans.,  xvi.,  446).  The  pipe  is 
marked  there  4  inches,  which  is  too  large.  When  a  propeller- 
stirrer  is  used,  the  pipe  moving  up  and  down  cannot  pass  through 
the  center  of  the  tank,  but  must  be  shifted  18  inches  away  from  it. 

Outlet  for  Frecipiiatea. — Precipitates  are  discharged  by  a  2-inch 
asbestos- packed  angle-cock,  inserted  close  to  the  bottom  of  the  tank 
through  the  staves. 

Launders. — In  front  of  the  precipitating-tanks  are  launders,  lead- 
ing the  decanted  solution  to  the  solution-sumps,  and  running 
decanted  wash-water  or  weak  solution  to  waste.  If  cold  and  hot 
solutions  are  kept  in  rotation  separately,  two  launders  must  be 
placed  in  front  of  the  silver  precipitating-tanks,  one  leading  to  the 
sump  for  cold,  the  other  to  that  for  hot  solution.  The  launders  at 
the  back,  conveying  precipitates  to  the  storage-tanks  for  sulphides, 
wash-water  precipitate  and  lead  carbonate,  should  be  inclined,:with 
a  fall  of  about  4  feet  in  100  feet.  These  launders  are  constructed 
in  the  same  way  as  those  in  front  of  the  ore-tanks,  but  need  not  be 
80  large. 

Storage-Tanks  for  Precipitaies. 

These  are  made  about  10  feet  in  diameter  and  3  feet  deep.  A  2- 
inch  rubber  hose  forms  the  outlet  for  precipitates  through  the 
bottom.  A  1-inch  decan ting-pipe  for  solution  is  inserted  through 
the  staves  about  1  foot  above  the  bottom.  Both  outlets  are  con- 
nected with  the  press-tank. 

Solvtion-Sumps  and  Storage-  Tanks. 

These  should  be  made  of  the  same  diameter  as  the  precipitating- 
tanks,  but  about  1  foot  less  in  depth.  Two  of  each  kind  should  be 
provided,  especially  where  solutions  are  heated,  and  hot  and  cold 
solutions  are  kept  in  rotation  separately. 

§  2.  Precipitating-Tanks  for  Wash- Water, 

If  it  is  desirable  to  precipitate  silver  and  copper  from  the  wash- 
water  by  scrap-iron  and  sulphuric  acid,  the  process  is  heat  conducted 
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in  the  apparatus  described  and  illustrated  in  my  book^  The  Lixivia^ 
Hon  of  SUver-OreSf  page  159. 

§  3.  Sodium-Sulphide  Tanks. 

The  sodium-sulphide  mixing-tank  is  made  of  cast-iron,  3  feet 
diameter  and  7  feet  deep.  Its  great  depth  is  necessaiy  because 
the  concentrated  lye  foams  considerably  while  adding  the  sulphur. 
The  bottom  is  covered  1  inch  deep  with  lead,  to  prevent  its  wearing 
out  where  steam  is  admitted  for  heating  the  lye.  The  two  sodium- 
sulphide  storage- tanks,  receiving  the  diluted  solution,  are  made  of 
^^inch  boiler-iron,  about  6  feet  in  diameter  and  5  feet  deep.  All 
the  tanks  are  provided  with  l^inch  asbestos-packed  cocks.  It  may 
be  desirable  to  increase  the  contents  of  sodium  hyposulphite  in  the 
solution  by  rapid  oxidation.  For  this  purpose  a  gas-pipe  coil,  per- 
forated by  numerous  small  holes,  is  placed  on  the  bottom  of  the 
tank  and  connected  with  an  air-compressor.  The  air  is  then  forced 
in  small  bubbles  through  the  solution.  Material  and  size  of  tanks 
for  Solvay  soda  solution  are  not  of  importance. 

§  4.  Apparatus  for  Heating  the  Stock-Solution. 

Apparatus  for  heating  stock-solution  can  be  placed  either  in  the 
solution-sumps  or  in  ttie  storage- tanks,  depending  on  the  most  con- 
venient location  of  the  boilers.  Coils  of  lead  pipe,  through  which 
steam  is  conducted,  are  very  effective,  but,  unfortunately,  not  suffi- 
ciently durable  to  warrant  their  cost.  Although  lead  is  not  attacked 
by  a  pure  hyposulphite  solution,  the  stock-solution  contains  sulphates 
and  chlorides,  and  these  may  form  lead  sulphate  and  chloride,  both 
soluble  in  hyposulphite  salts.  Besides,  we  have  to  consider  that  the 
stock  solution  is  never  entirely  free  from  silver  and  copper. 

At  the  Marsac  mill,  heavy  cast-iron  pipes  one  foot  in  diameter 
have  been  substituted  for  lead  coils  with  satisfactory  results  regard- 
ing durability  and  cost. 

I  suggest  giving  to  these  heaters  the  shape  of  large,  round,  hol- 
low disks,  for  a  more  economical  utilization  of  steam. 

Either  heaters  should  be  provided  with  steam  traps,  or  the  escap- 
ing condensed  water  and  steam  should  be  conducted  to  the  feed-water 
tank  for  the  boilers. 

§  5.  Apparatus  for  Raising  Stock-Solution  to  the 

Storage-Tanks. 

Plunger-Pumps, — Pumps  of  the  Knowles  type,  as  made  and  kept , 
in  stock  by  manufacturers,  are  not  durable  in  contact  with  hypo- 
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sulphite  solutions,  none  of  the  metals  or  their  alloys  resisting  its 
corroding  action.  To  make  such  pumps  durable,  valves,  valve-seats 
and  plungers  should  be  made  of  hard  rubber  or  glass.  It  is  difficult 
to  induce  manufacturers  to  take  such  orders  except  at  extravagant 
prices.     The  same  objections  apply  to  centrifugal  and  rotary  pumps. 

Pumps  of  the  Koeriing  Type. — Such  pumps  must  be  made  of  ma- 
terial not  affected  by  the  solution.  Their  principal  objection  is  the 
dilution  of  the  solution  by  condensed  steam. 

The  Geyser  Pump, — If  into  a  pipe,  open  at  both  ends,  and  im- 
mersed in  a  well,  compressed  air  is  introduced  at  the  lower  end,  the 
solution  in  the  pipe  rises  and  is  discharged,  together  with  the  air,  at 
the  upper  end.  The  invention  of  this  pump  dates  back  several  cen- 
turies, and  it  has  recently  received  from  Dr.  Werner  Siemens  the 
appropriate  name,  "  Geyser  Pump."  In  the  Engineering  and  Mining 
Journal  of  December  28,  1889,  I  have  fully  described  it  as  Pohle^s 
Air-Lift  Pump,  and,  on  the  basis  of  the  investigations  of  Messrs. 
Behrand  Browne,  of  San  Francisco,  recommended  its  introduction  in 
lixiviation-works.  After  I  had  made  actual  working-plans,  how- 
ever, for  its  introduction,  some  disagreeable  features  presented  them- 
selves, so  that  its  application  for  raising  stock-solution  was  abandoned. 
The  objections  consisted  principally  in  the  necessity  of  sinking  a  well, 
SO  feet  deep,  for  the  submersion-pipe,  and  in  supporting  a  vertical 
solution-pipe  85  feet  high. 

The  Montana  System, — A  Montejus  is  an  iron  tank  from  which  a 
solution  is  raised  through  a  pipe  by  admitting  steam  or  compressed 
air  above  the  solution.  (For  protection  of  the  inside,  see  §  13.) 
With  steam,  the  tank  should  be  in  the  shape  of  a  long  cylinder  of 
relatively  small  diameter,  standing  upright,  to  avoid  condensation  as 
much  as  possible.  With  compressed  air  as  motive  power,  the  shape 
of  the  tank  is  not  material.  It  is  then  best  to  place  it  so  that  the 
axis  of  the  cylinder  is  horizontal.  One  of  the  heads  of  the  cylinder 
is  put  on  with  bolts  and  a  gasket,  so  that  the  interior  can  be  easily 
coated  with  an  asphaltic  compound. 

These  tanks  have  two  openings :  one  at  the  bottom,  through  which 
the  tank  is  filled  and  discharged  by  a  three-way  cock,  connected  with 
the  pipes  leading  to  the  solution-sump  and  the  storage-tank  ;  one  on 
the  top,  through  which  air  escapes  while  the  tank  is  filling,  and  steam 
or  compressed  air  is  introduced  to  elevate  the  solution,  which  changes 
are  also  effected  by  a  three-way  cock. 

For  works  of  large  capacity,  two  Montejus  are  placed  side  by  side 
below  the  solution-sumps,  so  that  one  is  filling  while  the  other  is  dis- 
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charged.  They  should  hold  about  200  cubic  feet.  Convenient  di- 
mensions are :  4  feet  diameter  and  16  feet  length,  or4J  feet  diameter 
and  14  feet  length,  with  solution- pi  pes  from  3  to  4  inches  diam- 
eter. 

For  large  works,  compressed  air  dt-sorves  decidedly  the  preference. 
The  size  of  air-compressor,  which  sh(  uld  give  about  30  pounds  pres- 
sure per  square  inch,  is  the  same  for  a  geyser-pump  as  for  a  Montejus 
of  equal  capacity. 

Although  the  effect  of  compressed  air  is  better  if  applied  to  a  gey- 
ser-pump than  to  a  Montejus,  the  difference  plays  no  important  part 
in  economy,  while  the  original  outlay  for  installation  is  in  favor  of 
the  latter. 

§  6.   Apparatus  for  I>creasing  the  Rate  of  Lixiviation. 

Suction-Hose. — The  means  hitherto  employed  for  increasing  the 
rate  of  lixiviation  have  been  to  give  the  hose  of  the  solution-outlet 
below  the  filter  of  the  ore-tank  great  length,  and  discharge  the  solu- 
tion at  considerable  depth  below  the  tank,  taking  care  that  the  hose 
remains  filled  with  solution,  and  creates  a  suction  by  the  weight  of  the 
solution-column.  This  method  is  objectionable,  not  only  because  it  is 
difficult  to  get  rid  of  all  the  air  below  the  filter,  but  also  for  the  reason 
that  the  solution  has  to  be  raised  again  to  the  precipitating-tanks, 
unless  a  very  steep  mill-site  permits  their  position  much  below  the 
ore  tanks. 

Pumps. — These  are  not  recommended  for  reasons  given  in  §  5. 

Koeriing  Ejectors. — A  Koerting  ejector  is  effective  provided  it  is  not 
made  of  material  liable  to  be  corroded  by  the  solution.  The  lead-lined 
ejectors,  sold  by  A.  Allen,  New  York,  are  not  durable ;  even  the  plati- 
num steam-nozzles  wear  out.  Ejectors  of  porcelain,  with  hard  rubber 
steam- nozzles,  are  manufactured  by  the  Koerting  Brothers,  Hanover, 
Germany.  The  great  objection  to  a  Koerting  ejector  is,  however,  the 
dilution  of  the  solution  by  condensed  steam.  The  apparatus  also 
acts  intermittently.  Unless  carefully  regulated  to  meet  the  capacity  of 
the  filter. 

Montejus. — The  best  effect  is  unquestionably  produced  by  a  Mon- 
tejus. For  this  purpose  the  opening  at  the  bottom  is  connected  with 
a  pipe  through  which,  by  a  three-way  cock,  the  solution  either  runs 
in  from  the  hose  at  the  bottom  of  the  ore-tank,  or  is  raised  to  the 
launders  in  communication  with  the  precipitating-tanks.  The  outlet 
on  top  has  a  pipe  with  a  three-way  cock,  through  which  compressed 
air  can  be  introduced  for  raising  the  solution,  or  a  suction  is  created 
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by  a  Koerting  vacuum-pump  for  filling  the  tank,  or  communication 
is  shut  off  both  from  the  air-compressor  and  vacuum-pump,  provided 
the  apparatus  is  idle.  Only  one  Koerting  vacuum-pump,  producing 
a  vacuum  of  68  cm.  quicksilver,  is  needed  for  a  number  of  Mon- 
tejus  tanks,  the  latter  being  all  in  communication  with  a  pipe,  at  the 
end  of  which  the  Koerting  is  placed. 

These  vacuum-pumps  are  best  obtained  from  the  Koerting 
Brothers,  Hanover,  Germany. 

Necessarily,  the  operation  of  the  apparatus  is  intermittent;  but 
the  discharge  of  the  Montejus  takes  such  a  short  time  that  this  is 
not  detrimental. 

§  7.  Apparatus  for  Circulating  Extra-Solution. 

In  circulating  extra-solution  of  standard  composition,  only  a 
quantity  is  used  sufficient  to  saturate  the  charge  in  the  ore-tank, 
and  this  is  allowed  to  filter  repeatedly  and  continuously  through  the 
ore.  As  will  readily  be  seen,  the  Montejus  system  cannot  be  used 
for  this  purpose.  Here  we  must  rely  either  upon  a  Koerting  ejector, 
made  of  porcelain,  or  use  the  geyser-pump.  Which  of  the  two 
deserves  the  preference  is  doubtful,  the  geyser-pump  being  untried. 
Their  resi)ective  advantages  and  disadvantages  may  be  stated  as 
follows : 

With  the  Koerting  there  is  risk  of  decomposing  extra-solution 
with  formation  of  sulphates  and  CujS,  the  solution  coming  in  con- 
tact with  the  hot  steam,  and  of  weakening  the  solution  by  dilution. 
The  heating,  however,  is  beneficial.  Circulation  is  also  quicker  by 
material  increase  of  the  rate  of  lixiviation. 

In  the  geyser-pump,  the  extra-solution  comes  in  contact  with  air 
only,  whereby  it  may  deteriorate  through  the  conversion  of  the  sodium 
hyposulphite  into  tetrathionate,  but  without  affecting  the  cuprous 
hyposulphite.  By  this  reaction,  and  by  the  evaporation  of  water,  the 
extra-solution  will  gain  in  concentration.  On  the  other  hand,  the 
solution  will  be  reduced  in  temperature  and  circulation  will  be 
slower,  because  the  rate  of  lixiviation  will  not  be  materially  in- 
creased, even  by  making  the  submersion-pipe  as  long  as  practicable. 
The  original  cost  of  installation,  and  the  expense  of  running,  would 
hardly  enter  into  calculation.  Only  an  actual  comparative  test  can 
decide  which  apparatus  is  the  better. 

§  8.  Filter-Press  and  Press-Tank. 

For  lixiviation-mills  of  various  capacities  I  recommend  Johnson's 
filter-press,  with  24  to  36  chambers,  15  to  18  inches  diameter,  with* 
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out  distance-rings  and  with  closed  delivery.  Closed'  delivery  ob- 
viates the  necessity  of  having  a  sump  below  the  press^  the  solution 
being  at  once  raised  to  the  main  solution-sump. 

If  it  is  desirable  to  free  the  precipitates  from  adhering  stock-solu- 
tion, for  reasons  given  in  my  paper  on  "  Refining  of  Sulphides  " 
(p.  37  of  this  volume),  a  filter- press  should  be  used  in  which  the 
cakes  can  be  washed  after  the  chambers  have  been  filled. 

The  chambers  are  of  cast-iron,  with  a  coating  of  asphalt  varnish, 
which  should  be  occasionally  renewed. 

The  proper  way  of  charging  the  filter-press  is  by  a  press-tank.  In 
Mr.  Daggett's  paper  {Trans.,  xvi.,  438),  a  press-tank  is  illustrated 
and  described,  constructed  for  steam-pressure.  For  works  of  large 
capacity,  steam  should  be  replaced  by  compressed  air.  In  the  latter 
case  the  wooden  diaphragm  and  the  pipe  extending  to  the  bottom 
are  superfluous,  and  the  precipitates  are  charged  through  an  opening 
in  the  side  of  the  tank  near  its  top. 

The  construction,  as  shown  in  the  cut,  is  not  recommended.  The 
bottom  as  well  as  the  top  should  be  made  of  boiler-iron  or  steel- 
sheet,  not  of  cast-iron.  At  the  Marsac  mill,  one  of  these  tanks  ex- 
ploded, by  breakage  of  the  cast-iron  bottom,  at  a  pressure  of  80 
pounds.  For  compressed  air  the  tank  should  be  constructed  to  be 
safe  for  150  pounds  pressure  to  the  square  inch. 

§  9.  Drying-Chamber  for  Precipitates. 

A  drying-chamber  for  sulphides  and  other  precipitates,  is  illus- 
trated in  the  paper  just  cited,  pp.  440  and  443.  Its  construction 
is  contrary  to  all  rules  for  a  good  system  of  drying  by  hot  air.  A 
chamber  of  this  kind,  in  use  at  the  Marsac  mill,  has  a  very  low 
eflSciency.  Correct  principles  of  construction  are  to  heat  the  air  by 
a  coil  of  steam-pipes  in  a  separate  chamber  attached  to  the  dryer,  to 
allow  the  heated  air  to  enter  the  drying- chamber  at  the  top,  and 
circulate  downward  between  the  iron  pans  charged  with  precipitates, 
and  finally  to  withdraw  the  moist  air  at  the  bottom  by  a  Koerting 
steam-jet  ventilator.  Upon  these  principles  all  modern  apparatus  for 
desiccation  is  constructed. 

The  outlet  of  the  steam-pipe  may  be  either  connected  with  a 
steam-trap  or  with  the  mud-drum  of  the  boiler.  The  latter  can  only 
be  done  if  the  boiler  is  so  located  that  its  mud-drum  is  lower  than 
the  outlet  of  the  coil.  In  this  case  the  coil  works  on  the  gravity 
principle,  the  most  economical  method  of  utilizing  the  heat  of  the 
steam.  The  coil  should  be  tested  for  leakage  at  a  pressure  of  80 
pounds. 
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§  10.  Auxiliary  Machinery. 

Air'Compresaora.'^FoT  Montejus  or  geyser-pumps  and  for  the 
press-tank,  two  separate  air-compressors  are  needed,  the  one  furnish- 
ing air  of  about  30  pounds,  the  other  of  160  pounds  pressure.  The 
size  of  the  compressors  must  be  calculated  to  meet  the  demands  of 
the  capacity  of  the  works.  The  Montejus  air-compressor  should 
have  a  capacity  to  raise  all  the  stock-solution  needed  per  day  in  about 
8  hours,  so  that  the  plant  is  not  in  operation  all  the  time  and  the 
solution  can  be  transferred  quickly. 

Sulpkide'Sampler. — The  breaking-up  of  the  lumps  of  sulphides 
and  other  precipitates,  as  they  come  from  the  drying-chamber,  is 
done  in  an  ordinary  small  sample-grinder,  as  sold  by  any  western 
foundry. 

Boilers, — If  considerable  steam  is  needed  for  heating  the  stock- 
solution  and  wash-water  prior  to  its  precipitation  by  scrap-iron ;  also 
for  running  Koerting  ejectors  and  vacuum-pumps,  a  separate  boiler 
is  desirable  for  the  lixiviation-plant  proper.  i 

Fire-Pumps  for  Sluicing  Tailings, — If  the  water  in  the  pipe-line 
has  not  suffiHent  head  for  sluicing  tailings,  a  fire-pump  for  this  pur- 
pose becomes  necessary.  A  steam-pump  of  the  Knowles  type  may 
be  used  with  10-inch  steam-  and  5-inch  water-cylinder,  12-inch 
stroke  and  4-inch  suction  and  discharge.  But  I  would  recommend 
a  Koerting  steam-jet  fire-pump,  which  is  much  cheaper  than  a 
plunger-pump  and  not  less  eiBciept. 

§  11.  Pipe-Lines. 

Iron  gas-pipes  are  used  for  conveying  stock-solution  and  sodium 
sulphide  solution. 

They  should  be  joined  by  flange-couplings.  The  size  of  the  stock- 
solution-pipes  above  the  ore-tanks  depends  on  the  capacity  of  the 
works,  and  the  position  of  the  storage-tanks,  producing  more  or  less 
head.  In  large  works  they  are  generally  taken  from  3  to  4  inches 
diameter. 

§  12.  Cocks. 

The  only  cocks  resisting  for  a  long  time  the  corroding  action  of 
lixiviation-solutions  are  the  Pratt-Cady  iron-body,  Bower-Barfled 
plugs,  asbestos-packed  cocks,  sold  by  Fairbanks  &  Co.,  New  York. 
These  cocks  last  very  well,  even  on  the  sodium-sulphide  mixing-tank. 
They  were  first  introduced  in  lixiviation-works  by  the  writer  at  the 
Marsac  Mill,  Park  City,  Utah. 
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§  13.  Protection  of  Iron  by  Asphaltic  Covering,  and  other 

Notes  on  Construction. 

Castings  and  Pipes, — Castings  and  pipes  exposed  to  hyposulphite 
solutions  must  be  protected  by  an  asphaltic  covering ;  the  pipes,  of 
course,  on  the  inside.  Pipes  conveying  sodium  sulphide  solution  do 
not  require  such  covering.  A  pure  asphalt,  called  '^  Maltha,"  manu- 
factured in  San  Francisco,  the  residue  from  distillation  of  heavy 
California  mineral  oils,  now  shipped  in  considerable  quantities  to  the 
eastern  States,  is  exceedingly  well  adapted  to  this  purpose.  The 
maltha  is  melted  in  a  sheet-iron  trough,  and  the  clean  and  dry  cast- 
ings or  pipes  are  immersed  in  the  bath.  They  should  remain  there 
until  the  iron  has  reached  the  temperature  of  the  liquid  asphalt ;  this 
insures  firm  adhesion  of  the  asphaltic  covering  to  the  iron.  The 
propeller-screws  and  shafts  for  the  precipitating-tanks  are  covered  in 
the  same  way. 

Montejus  tanks  and  the  press-tanks  need  different  treatment. 
Here  a  malthine  varnish  is  used.  To  the  clean  and  dry  inside  of 
the  vessels,  a  coat  of  vafnish  is  applied.  After  drying,  a  second 
coat  is  put  on,  and,  as  the  painting  progresses,  cotton  cloth — weight 
about  6  ounces  per  yard — is  pasted  on,  care  being  taken  to  saturate 
overlapping  joints  with  varnish.  On  top  of  the  tank  the  cloth  is 
drawn  over  the  flange.  The  cover  is  treated  in  the  same  way. 
Finally,  a  third  coat  of  varnish  is  put  over  the  cotton  cloth.  After 
perfect  drying,  the  cover  is  bolted  on,  using  a  solE);  rope  saturated  with 
varnish  for  a  gasket. 

Fastening  Castings  and  Flanges  to  Tanks  by  Bolts. — Bore  holes  to 
fit  bolts  closely ;  countersink  bolt-heads  into  wood  and  cover  with 
thick  white  lead.  Washers  behind  bolt-heads  are  also  bedded  in 
white  lead.     Bolts  are  first  covered  with  asphalt. 

Connecting  Rubber  Hose  with  Oas-Pipe  Nipples, — The  following 
method  was  communicated  to  me  by  F.  M.  Johnson :  Draw  out  the 
nipple  to  fit  the  inside  of  the  hose  closely ;  heat  the  nipple  so  that  it 
will  melt  rubber  without  burning  it;  then  press  the  nipple  into  the 
hose  about  4  inches  and  immerse  immediately  in  asphalt  varnish  for 
cooling.  The  hose  adheres  so  firmly  to  the  iron  that  it  can  only  be 
removed  by  cutting. 
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THE  PRECIPITATION  OF  METALS  FROM  HYPOSULPHITE 

SOLUTIONS. 

BY  C.   A.   ffrETEFELDT,   SAN  FRANCISCO,   CAL. 
(Cleyeland  Meeting,  Jane,  1891.) 

Metallurgical  processes  cannot  be  conducted  successfully  with- 
out the  aid  of  analytical  chemistry.  The  great  perfection  of  lead- 
smelting  in  the  West,  for  instance,  has  only  been  accomplished  by 
the  analysis  of  ores,  fluxes,  slags  and  all  products  of  the  furnace. 
Ores  are  mixed  and  fluxed  to  obtain  a  slag  of  desired  composition. 
Account  is  even  taken  of  the  composition  of  the  ashes  obtained  from 
the  coke.  The  "  muscular  "  smelter  has  left  the  field  forever !  This 
state  of  afiairs  has  been  induced  by  sharp  competition,  i.e.,  by  a  com- 
plete separation  of  the  industries  of  mining  and  reducing  ores,  not 
by  the  liberality  and  wisdom  of  directors  and  stockholders  to  pro- 
vide laboratories  and  engage  chemists,  or  by  their  love  for  scientific 
investigation. 

It  would  be  considered  absurd,  at  present,  to  run  a  lead-smelter, 
a  blast-furnace  for  pig-iron,  or  a  Bessemer  plant  without  the  assist- 
ance of  a  well-equipped  laboratory  and  a  chemist;  but  it  is  con- 
sidered quite  sufiicient  to  provide  amalgamation-  or  lixiviation- 
works  merely  with  a  crude  assay-oflSce,  and  an  assayer  who  is  paid 
less  than  a  laborer  in  the  mill. 

In  my  opinion,  this  will  change  in  the  near  future.  By  the  ex- 
clusion of  Mexican  lead-ores,  and  their  growing  scarcity  in  the  West, 
smelters  have  been  forced  to  raise  their  charges  on  so-called  dry 
silver-ores,  and  cannot  handle  the  latter  now  in  such  unlimited 
quantities  as  formerly.  The  inevitable  result  must  be  that  the  sur- 
plus of  these  dry  silver-ores,  especially  those  of  low  grade,  will  be 
reduced  by  processes  cheaper  than  smelting;  and  here  the  introduc- 
tion of  lixiviation  has  an  excellent  field,  provided  the  muscular 
lixiviator  has  an  able  chemist  for  an  assistant. 

It  is  to  be  regretted  that  so  little  analytical  work  has  been  done 
in  lixiviation.  We  know  almost  nothing  of  the  composition  of 
roasted  ores  before  and  after  lixiviation ;  of  the  constitution  of  the 
first  wash  water  and  of  lixiviation-solutions  after  prolonged  use;  of 
the  chemistry  of  sodium  and  calcium  sulphides;  of  the  composition 
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of  sulphide  and  carbonate  precipitates.     Without  such  work   ma- 
terial progress  is  not  possible. 

During  the  last  seven  years  a  great  nuoiber  of  papers  on  lixivia- 
tion  have  been  published^  containing  a  good  deal  of  valuable 
information,  but  also  many  errors  due  to  hasty  and  incomplete  in- 
vestigation without  thorough  analytical  work.  Writers  of  metal- 
lurgical treatises,  myself  included,  have  repeated  these  errors  like 
parrots — what  else  could  they  do !  I  will  point  out  a  few.  We 
find  it  almost  everywhere  stated  that  in  boiling  caustic  milk  of  lime 
with  sulphur  the  lower  calcium  polysulphides  cannot  be  produced, 
because  they  are  insoluble.  This  is  not  correct.  CaS  cannot  be 
obtained  in  the  wet  way  or  in  solution.  If  it  is  made  by  heating 
CaCOj  in  fumes  of  CSj  and  CO,,  and  brought  in  contact  with  water, 
CaHjOj  and  CaHjS^  are  formed,  the  latter  being  readily  dissolved. 
According  to  the  best  authorities,  CaS,  and  CaS,  do  not  seem  to  exist 
at  all,  at  least  not  in  aqueous  solution.  If  caustic  lime  is  boiled 
with  sulphur,  the  tendency  prevails  to  form  CaS^  even  if  an  excess 
of  lime  is  present,  not  because  CaS2  and  CaS,  are  insoluble  com- 
pounds, but  because  calcium  has  stronger  affinities  to  unite  with 
four  equivalents  of  sulphur. 

A  more  serious  error  occurs  in  Daggett's  paper,  Trans.y  xvi., 
428,  in  regard  to  the  abnormally  high  precipitating-coefficients 
of  sodium  sulphide  prepared  according  to  Russell's  directions. 
Believing  in  the  correctness  of  Russell's  experiments,  I  built 
upon  them  an  elaborate  theory  in  my  book  on  the  Lixiviation  of 
Silver-Ores  with  Hyposulphite  Solutions.  Aaron  was  the  first  who 
proved  that  these  abnormal  precipitating-coefficients  exist  only  in 
partial  precipitation,  which  Russell  had  entirely  overlooked;  hence, 
they  have  no  existence  in  practical  mill-work.  That  Aaron's  re- 
sults are  correct,  I  know  from  personal  observation.  In  the  follow- 
ing I  have  to  record  another  important  error.  In  Daggett's  paper, 
already  quoted,  we  find  on  page  430  that  calcium  monosulphrde  is 
precipitated  by  Russell's  sodium  sulphide  if  the  hyposulphite  solu- 
tion contains  calcium  salts.  The  yellow  precipitate  of  calcium  sul- 
phide is  said  to  appear  after  nearly  all  the  silver,  copper  and  lead 
have  fallen  out.  I  have  no  doubt  the  precipitate  occurs,  and  looks 
yellow ;  but  it  is  not  CaS,  or  CaSj,  or  any  other  calcium  sulphide. 
Like  all  other  faithful  writers  of  books,  I  have  also  endorsed  this 
statement  in  my  treatise  on  lixiviation. 

The  metals  playing  an  important  part  in  precipitation  from  hypo- 
sulphite solutions,  resulting  from  the  lixiviation  of  silver-ores,  are 
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silver,  copper,  lead,  and  calcium.  The  quantity  of  gold  that  may  be 
present  is  too  small  to  enter  into  calculation.  Silver  and  copper  are 
always  precipitated  as  sulphides  by  sodium  or  calcium  sulphide;  lead 
and  calcium  may  be  precipitated  as  carbonates  by  Solvay  soda;  or 
lead  alone  as  hydroxide  by  caustic  lime.  Sodium  sulphide  can  be 
nsed  either  as  a  mixture  of  Na^S  and  NaSj,  which  we  will  designate 
in  future  as  "  Russell's  Sulphide/'  or  NaSj,  or  a  higher  poly-sul- 
phide. Calcium  sulphide  is  always  used  as  CeiS^.  For  precipitat- 
ing lead,  caustic  milk  of  lime  is  prepared  with  hyposulphite  stock- 
solution.     Solvay  soda  is  also  dissolved  in  stock-solution. 

Calcium  may  also  be  precipitated  by  a  sodium  sulphide  solution, 
as  will  be  fully  discussed  later  on.  Caustic  lime  and  Solvay  soda 
are  always  used  before  calcium  or  sodium  sulphide. 

In  the  absence  of  calcium,  the  lead  carbonate  precipitated  by 
Solvay  soda  can  be  obtained  practically  fre^  from  silver,  that  is  to 
say  after  washing  it  with  fresh  hyposulphite  solution.  From 
Ontario  ore,  for  instance,  Russell  obtained  in  this  way  lead  carbon- 
ate with  only  two  ounces  of  silver  per  ton.  If  calcium  is  present, 
the  lead-calcium  carbonate  contains  more  or  less  silver,  and  may  be 
very  rich.  According  to  Wilson  and  Ru&sell,  the  silver  does  not 
increase  in  proportion  to  the  calcium  precipitated.  Russell  also 
claiips  that  washing  the  precipitate  with  pure  or  more  concentrated 
hyposulphite  solution  will  reduce  its  value  in  silver  considerably. 

This  is  not  clearly  established.  At  the  Marsac^  mill,  one  lot  of 
carbonates  was  recently  produced  containing  8.1  per  cent,  lead,  and 
392  ounces  silver  per  ton;  and  another  lot  containing  19  per  cent, 
lead,  and  1269  ounces  silver,  per  ton.  I  do  not  know  the  exact 
circumstances  under  which  these  carbonates  were  obtained.  Evi- 
dently, this  subject,  like  so  many  others  in  lixiviatioo,  needs  a  thor- 
ough analytical  investigation. 

Lead  hydroxide  precipitated  by  caustic  lime  is  generally  rich  in 
silver.  According  to  Rueger,  the  lead  precipitate  obtained  at  the 
Mount  Corry  mill,  Nevada,  contained  60  per  cent  lead  and  420 
ounces  and  more  of  silver  per  ton. 

The  separate  precipitation  of  lead  and  calcium  may  be  not  only 
economical  directly,  but  also  indirectly  by  the  production  of  silver 
sulphides  of  higher  grade. 

Since  the  introduction,  by  Kiss,  of  CaS^  as  precipitant,  the  majority 
of  metallurgists  have  tenaciously  adhered  to  this  practice,  evidently 
without  examining  the  sdbject  critically.  The  question  has  become 
more  complicated  by  the  recent  introduction  of  methods  for  separate 
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precipitation  of  lead,  and  of  the  Russell  process.  It  is  hardly 
Dteessary  to  add  that  the  problem  also  includes  the  question  whether 
a  sodium  or  calcium  hyposulphite  solution  deserves  preference  in  lix- 
iviation. 

Although  lixiviation  is  now  always  commenced  with  sodium  hypo- 
sulphite, this  salt  is  gradually  replaced  by  calcium  hyposulphite  if 
CaS^  is  used  as  precipitant. 

In  the  following  I  propose  to  present  in  a  systematic  manner  the 
most  important  facts  that  have  a  practical  bearing  upon  the  subject  of 
precipitation.  The  reader,  however,  should  not  expect  a  complete 
and  exhaustive  treatise,  for  which  analytical  data  are  entirely  lack- 
ing. 

§  1.  Preparation  of  Sodium  and  Calcium  Sulphides. 

Both  reagents  are  prepared  by  boiling  either  a  concentrated  lye 
of  caustic  soda,  or  caustic  milk  of  lime  with  sulphur.  In  mak- 
ing calcium  sulphide,  sufficient  sulphur  must  be  added  to  the  caustic 
lime  to  obtain  CaS^,  because  lower  calcium  sulphides  are  not  formed. 
In  fact,  the  solution  contains  CaS^  even  if  an  excess  of  lime  is  pre- 
sent, while  an  excess  of  sulphur  produces  CaS^.  From  the  slight 
solubility  of  calcium  hydrate  iu  water  it  follows  that  this  process  must 
require  considerable  time,  and  that  at  the  end  of  the  operation,  a 
solution  of  only  moderate  concentration  must  result.  From  sodium 
hydrate,  on  the  contrary,  a  lye  of  almost  any  concentration  can  be 
obtained,  as  well  as  sodium  monosulphide,  and  all  of  the  polysul- 
phides.  Hence,  the  process  must  be  completed  very  rapidly,  and,  if 
the  lower  polysulphides  are  desired,  with  a  minimum  consumption 
of  sulphur. 

The  mode  of  preparing  calcium  sulphide  is  well  known.  I  will 
only  call  attention  to  the  facts  that  it  is  troublesome,  wasteful  in 
chemicals,  amount  of  steam  and  time  consumed,  and  that  an  excess 
of  sulphur  should  be  used  to  obtain  CaS^. 

Russell  discovered  a  practical  and  easy  method  of  preparing 
sodium  sulphide.  According  to  his  directions,  the  contents  of  a 
drum  of  caustic  soda  are  broken  into  lumps  and  dissolved  with  the 
aid  of  steam  in  a  minimum  of  water,  thus  forming  a  very  concen- 
trated lye.  The  operation  is  conducted  in  a  cast-iron  tank  3  feet 
diameter  and  7  feet  high.  When  the  lye  has  reached  a  temperature 
of  not  less  than  100^  C.  sulphur  is  gradually  added,  two-thirds  of 
the  weight  of  the  caustic  soda.  A  most  violent  reaction  takes  place, 
the  mass  foaming  considerably.     This^  however,  is  caused  by  disen- 
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gagement  of  steam  and  not  of  any  other  gas.  After  all  the  sulphur 
has  disappeared,  the  product  is  allowed  to  cool,  dissolved  by  adding 
hyposulphite  stock-solution,  and  discharged  into  a  storage-tank, 
where  the  solution  can  be  diluted  still  further.  In  two  hours,  700 
pounds  of  caustic  soda,  the  contents  of  one  drum,  can  be  easily  con- 
verted into  sodium  sulphide.  The  solution  contains  a  mixture  of 
Na,S  and  Na^S^. 

The  quantity  of  sulphur  used  for  making  Russell's  sulphide  is 
somewhat  empirical.  The  two-thirds  rule  may  be  very  convenient  for 
the  laborer ;  but  metallurgy  has  not  been  invented  for  his  convenience. 
As  will  be  seen  at  once,  the  rule  does  not  at  all  consider  different 
grades  of  caustic  soda,  which  may  contain  from  85  to  95  per  cent. 
NaHO,  thus  producing  sodium  sulphide  differing  materially  in  com- 
position. If  we  use  sulphur  with  95  per  cen^.  S,  and  caustic  soda  with 
95  per  cent.  NaHO,  the  resulting  sulphide  will  be  Na^S  +  Na^.  If, 
however,  the  caustic  soda  contains  only  85  per  cent.  NaHO,  the  sul- 
phide will  have  very  nearly  the  composition  NajS  +  4  Na^Sj. 

This  subject  will  be  further  discussed  in  the  following  paragraphs : 

§  2.  Formation  of  Hypo8Uu>hite  Salts. 

The  reactions  taking  place  in  boiling  caustic  soda  with  sulphur 
are  expressed  by  the  equation  : 

(1.)    6  NaHO  +  {2  +  2a:)S  =  2  Na^.  -f  Na^Oj  +  3  H,0. 

That  is  to  say,  for  two  equivalents  of  a  sodium  sulphide,  one 
equivalent  of  the  hyposulphite  salt  is  formed. 

For  the  formation  of  different  sodium  {K)lysulphides,  the  quantities 
of  sulphur  consumed  would  be  as  follows : 


100  c.  p.  Caustic  Soda 
require    c.    p.    Sul- 
phur. 

• 

100  Caustic  Soda,  with 
90  per  cent.  KaHO, 
require  Sulphur  with 
06  per  cent.  S. 

For  the  formation  of 

63.3 

80.0 

106.6 

133.3 

160.0 

50.6 

76.8 

101.0 

126.3 

161.6 

Na,S,. 

NaA. 
NajS^. 

NaA. 

20  PRECIPITATION  OP  HETAUB. 

In  manaiacturing  sodium  sulphide  there  are  no  very  important 
side-issues  to  the  reactions  expressed  by  equation  No.  1 ;  and,  taking 
into  consideration  the  impurities  of  commercial  caustic  soda  and 
sulphur,  calculations  for  practical  purposes  can  be  based  upon  them. 
There  are,  however,  certain  limitations  to  the  equation.  It  is  not  true, 
for  instance,  when  x  =  1,  In  using  an  amount  of  sulphur  only 
sufficient  for  the  formation  of  Na,S,  caustic  soda  remains  free,  and 
polysulphides  are  formed  besides  Na^S.  It  is  even  difficult  to  obtain  a 
reagent  absolutely  free  from  caustic  soda  by  using  enough  sulphur 
to  form  NajS,.  Such  a  solution  is  also  liable  to  contain  some 
NajS  and  polysulphides  higher  than  Na^S,,  a  tendency  prevailing 
to  form  the  higher  polysulphides.  If  we  replace  in  equation  No.  1 
sodium  by  calcium,  the  reactions  become  still  more  complicated. 
In  the  first  place,  the  equation  is  only  true  for  CaS^  and  CaS^.  It 
is  very  probable,  however,  that  some  sulphydrates  are  also  formed, 
and  this  seems  the  case  even  in  preparing  sodium  sulphide.  I  will 
here  draw  attention  to  the  fact  that  H,8  frequently  escapes  at  the 
end  of  precipitation,  even  if  the  solution  has  originally  an  alkaline 
reaction.  This  is  the  case  in  using  both  calcium  and  sodium  sul- 
phide  as  precipitants.  The  formation  of  HjS  can  be  easily  ex- 
plained if  we  assume  the  existence  of  sulphydrates.  The  reaction 
would  be  as  follows :  Agj^jO,  +  CaH^S,  =  Ag^  +  CaS,Oj  +  H^. 
Naturally,  the  H^S  only  escapes  when  precipitation  of  the  metals  is 
nearly  completed. 

This  also  explains  an  observation  made  by  Russell  at  the  Marsac 
mill. 

He  says :  "  The  solution  running  from  the  ore-vats  to  the  pre- 
cipitating-tanks  is  perfectly  neutral,  but  after  precipitation  with 
sodium  sulphide  it  is  so  acid  that  blue  litmus-paper  is  instantly  red- 
dened by  it.  At  tlie  end  of  precipitation  the  odor  of  H,S  is  very 
perceptible ;  it  even  appears  during  precipitation  if  stirring  is  not 
well  done." 

This,  it  seems  to  me,  shows  the  presence  of  sulphydrates.  The 
HgS  formed  in  the  beginning  of  precipitation  is  absorbed  by  the 
solution,  throwing  down  metals  and  setting  acid  free.  To  return  to 
the  calcium  sulphide : 

The  reaction  is  also  disturbed  by  the  formation  of  oxy-fiulphurets 
— which  are  not  easily  soluble — especially  if  sulphur  is  not  used  in 
excess  to  form  CaSg,  and  by  decomposition  of  calcium  hyposulphite 
at  boiling-point.      While  a  sodium  hyposulphite  solution  can  be 
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heated  to  boiling  without  detriment,  that  of  the  caloium  salt  deoom- 
poses  above  60°  C.  as  follows : 

CaSjO,  =  CaSO,  +  8. 

This  decomposition  is,  however,  i*e8isted  in  the  presenoe  of  CaS^ 
and  CaSf,  and  oounteracted  by  the  opposite  reaction : 

CaSO,  +  S  =  CaSiO„ 

which  takes  place  between  30°  and  40°  C,  that  is  to  say,  after  cool- 
ing and  settling  of  the  solution.  To  what  extent  these  opposing  re- 
actions balance  each  other  is  not  known,  and  depends,  most  likely, 
upon  various  circumstances. 

For  these  reasons  it  is  not  possible  to  calculate  beforehand,  even 
approximately,  from  the  chemicals  consumed,  the  effect  of  a  calcium 
sulphide  solution  in  precipitation,  or  to  compare  it,  merely  by  cal- 
culation, with  the  same  effect  of  a  sodium  sulphide  solution.  Only 
actual  mill-statistics  make  a  comparison  between  the  two  reagents 
possible.  It  can  readily  be  seen,  however,  that  the  preparation  of 
CaS,  must  involve  a  waste  of  chemicals  compared  with  that  of  Na^Sj. 

According  to  equation  No.  1,  100  parts  of  caustic  soda,  consumed 
in  the  manufacture  of  sodium  sulphide,  will  produce  103.3  parts  of 
Na^S^O,  +  5  aq. 

Or  100  parts  commercial  caustic  soda,  containing  90  per  cent. 
NaHO,  would  produce  93  parts  NagSjO,  +  5  aq.  Both  sodium  and 
calcium  sulphide  solutions,  if  exposed  to  the  air,  oxidize  with  for- 
mation of  hyposulphite  salts,  but  the  latter  more  rapidly  than  the 
former. 

In  case  Na^S  is  exposed  to  the  atmosphere,  sodium  hydrate  is 
formed  besides  hyposulphite : 

(2.)  2  Na^S  +  Hfi  +  40=NaA0,  +  2NaH0. 

The  caustic  soda  is  then  converted  into  carbonate  by  absorbing  car- 
bonic acid  from  the  air.  Na^Sj  is  completely  converted  into  hypo- 
sulphite, while  the  higher  polysulphides  are  oxidized  with  precipi- 
tation of  free  sulphur. 

O.  Hoffman,  who  used  CaS^  as  precipitant  at  the  Silver  King 
mill,  Arizona,  stated  to  me  that  the  original  etock-solution  was  used 
over  a  year  and  a  half,  and  that  it  increased  in  strength  and  volume, 
making  it  necessary  to  run  a  part  of  it  to  waste. 

In  this  case  a  large  amount  of  copper  and  lead  was  precipitated 
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with  the  silver.  This  is  good  evidence  to  show  how  rapidly  CaS^ 
oxidizes.  What  has  been  said  about  the  more  rapid  decomposition 
of  calcium  sulphide  in  contact  with  air,  compared  with  sodium 
sulphide^  holds  good  r^arding  the  respective  hyposulphite  salts. 

Russell  exposed  solutions  of  different  concentration  in  soup- 
plates  to  the  atmosphere  for  seven  days,  at  a  temperature  of  from 
20°  to  22°  C,  and  brought  them  to  their  original  volume  at  the 
expiration  of  that  time.  The  relation  of  the  depth  of  the  solution 
to  the  diameter  of  the  plates  was  about  1  to  8.  The  deterioration 
which  had  taken  place  was  for  sodium  hyposulphite,  1.4  per  cent., 
and  for  the  calcium  salt,  16.1  per  cent. 

Formerly  lixiviation-solutions  were  never  heated ;  the  new  practice 
finds  it  profitable  to  operate  with  solutions  of  a  temperature  as  high 
as  50°  C.  Would  not  the  loss  in  calcium  hyposulphite  be  much 
increased  in  such  a  case,  when  complete  decomposition  takes  place 
above  60°  C?  The  stubborn  advocates  of  the  old  practice  in  lixiv- 
iation  say :  We  never  needed  to  buy  sodium  hyposulphite ;  our 
stock-solution  increased  in  strength,  and  we  had  to  run  it  finally  to 
waste !  But  at  what  expense,  gentlemen,  in  caustic  lime  and  sul- 
phur, and  inferior  extraction  in  silver,  did  you  reach  this  result  ? 

§  3.  Economy  op  Propucing  Hyposulphites  by  Oxidation 

OF  Sulphide  Solutions. 

The  question  is  of  importance,  whether  it  is  cheaper  to  buy  and  add 
sodium  hyposulphite  to  a  deteriorated  stock-solution,  or  to  introduce 
hyposulphite  by  allowing  the  sulphide  solution  to  oxidize,  whereby 
it  degenerates  in  precipitating  power,  but  gains  in  hyposulphite. 
This  depends  upon  local  prices  of  chemicals.  In  most  cases  it  will 
be  cheaper  to  produce  the  hyposulphite  by  oxidization  of  the  sul- 
phide. A  calculation  under  assumed  conditions  will  be  of  interest. 
For  NajSj  we  find  : 

The  formation  of  100  pounds  Na^SaO,  +  5aq  requires: 

35.8  pounds  caastic  soda  of  90  per  cent.,  at  5.5  cts $1.96 

27.2pound8Bulpharof  95per  cent.,  at3.5ct8 0.95 

Total  cost $2.91 

100pound8Na^O3-f5aq,  at4ct8 4.00 

Leaving  a  saving  of   . $1.09 

if  this  salt  is  obtained  by  the  oxidation  of  Na^S,  in  the  mill. 

The  cost  of  obtaining  calcium  hyposulphite  from  the  sulphide 
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solution  by  oxidation  cannot  be  accurately  or  even  approximately 
calculated^  for  reasons  already  stated.  From  the  fact  that  CaS^  must 
be  oxidized  in  place  of  NagSji  and  that  in  the  preparation  of  cal- 
cium sulphide  relatively  more  chemicals  are  consumed,  it  follows 
that  the  cost  cannot,  in  most  cases,  be  materially,  less,  although 
caustic  lime  is  very  much  cheaper  than  caustic  soda ;  and  it  may  be 
even  greater. 

To  use  a  calcium  sulphide  solution  so  highly  oxidized  that  the 
stock-solution  increases  in  strength  and  volume,  making  it  necessary 
to  run  it  to  waste,  cannot  be  good  economy,  because  it  necessitates  an 
excessive  consumption  of  the  precipitant 

Should  it  be  desirable  to  use  an  oxidized  sodium  sulphide  solur 
tion,  containing  a  large  amount  of  hyposulphite,  oxidation  is  most 
conveniently  and  quickly  effected  by  forcing  air  through  a  coil  of 
gas-pipe,  provided  with  a  great  number  of  small  holes,  and  placed 
at  the  bottom  of  the  storage-tank. 

§  4.  Precipitation  op  Calcium  by  Sodium  Sulphide 

Solutions. 

This  subject  has  never  been  considered  or  presented  before.  I 
have  observed  in  former  paragraphs : 

1st.  That  it  is  difficult  to  prepare  the  lower  sodium  polysulphides 
absolutely  free  from  caustic  soda. 

2d.  That  if  a  sodium  sulphide  solution  containing  Na,S  is  ex- 
posed to  the  atmosphere,  Na^Og+SNaHO  are  formed. 

3d.  That  free  caustic  soda  absorbs  carbonic  acid  from  the  atmos- 
phere and  becomes  Na^COs. 

In  these  reactions  lies  the  key  to  the  appearance  of  the  mysterious 
yellow  precipitate  which  Russell  took  for  CaS.  As  can  readily  be 
seen,  if  Russell's  sulphide  is  for  any  length  of  time  exposed  to  the 
atmosphere,  it  must  contain  more  or  less  NafiOy  The  NajCO, 
originally  contained  in  commercial  caustic  soda — which  may  vary 
between  3  and  5  per  cent. — ^also  comes  into  play.  Assuming,  for 
instance,  that  6  pounds  caustic  soda  were  consumed  (manufactured 
into  sodium  sulphide)  per  ton  of  ore,  containing  4  per  cent.  Na^CO,, 
there  would  come  into  action  0.24  pound  NagCOs,  precipitating 
0.09  pound  Ca=0.22  pound  CaCO,.  Assuming  that  Russell's 
sulphide  had  been  made  of  a  high-grade  caustic  soda  (with  95  per 
cent.  NaHO),  having  the  composition  Na,S+Na,S„  and  that  by 
long  exposure  to  the  air,  one-half  of  the  Na,S  became  oxidized, 
how  much  Na^CO,  would  a  quantity  of  Russell's  sulphide  contain 
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produced  from  6  pounds  caustic  soda?  Exactly  1.28  pounds,  pre- 
cipitating 0.48  pound  Ca=1.20  pounds  OaCO,.  Adding  the 
sodium  carbonate  originally  present  in  the  caustic  soda,  the  total 
amount  would  be  1.62  pounds,  precipitating  0.57  pound  Ca=  1.42 
pounds  CaCOj.* 

A  sodium  sulphide  solution  containing  Na^S,  if  allowed  to  oxi- 
dize, is  unprofitable  for  another  reason.  Equation  No.  2  shows  that 
only  one-half  of  the  Na^S  is  converted  into  NajSjOj,  the  other  half 
becoming  NaHO.  Thus  oxidation  of  the  solution  is  unsatisfactory 
in  two  ways. 

If  Russell's  sulphide  is  to  he  used  to  advantage,  it  should  be  pre- 
served in  hermetically  sealed  tanks. 

It  has  been  shown  in  §  3  that  sodium  hyposulphite  is  obtained 
in  most  cases  at  less  expense  by  allowing  the  sodium  sulphide  solu- 
tion to  oxidize  than  by  buying  the  hypo-salt;  hence,  it  seems  timely 
to  abolish  Russell's  sulphide  altogether  and  substitute  in  its  place 
Na^Sj,  or  even  a  higher  polysulphide,  if  NajS,  cannot  be  obtained 
free  from  Na^S. 

All  the  statements  made  above  are  supported  by  actual  experi- 
ments. I  prepared  from  chemically  pure  reagents  two  sodium  sul- 
phide solutions,  one  with  sufficient  sulphur  to  contain  NasS  -fNa^S^, 
another  to  contain  Na^S,.  As  I  am  fully  aware,  it  is  very  difficult 
to  prepare  such  solutions  on  a  very  small  laboratory-scale,  free  from 
caustic  soda  or  from  higher  poly  sulphides;  but  this  does  not  influ- 
ence in  the  least  the  principal  points  at  issue. 

The  following  tests  were  made  with  the  freshly  prepared  sulphide 
solutions : 

First,  solutions  of  calcium  chloride  and  of  gypsum  in  sodium 
hyposulphite  were  prepared,  of  such  oonoentration  that  caustic  soda 
produced  in  them  a  precipitate  of  calcium  hydrate.  < 

To  these  solutions  the  sodium  sulphides  were  now  added.  Each 
drop  of  the  concentrated  reagents  produced  a  slight  flocculent  pre- 


*  I  have  received  from  the  Manac  mill  some  data  conoeniing  silver  precipitated 
from  wash-water  and  weak  golution,  and  from  the  regular  llxiviation-solution ;  also, 
the  valaes  of  these  precipitates  in  silver  and  their  percentages  of  lead  and  copper. 
According  to  these  figures,  the  consumption,  per  ton  of  ore»  of  oaostic  soda  in  the 
manufacture  of  Russell's  sulphide  should  be  much  less  than  it  actually  is,  unless  i> 
be  assumed  that  more  than  one-half  the  Na,8  in  BusselVs  sulphide  is  oxi- 
dised by  contar.t  with  air,  a  supposition  with  which  the  figures  agree  remarkably 
well.  I  do  not  give  the  details  of  thb  calculation,  because  I  do  not  know  whether 
Ihe  values  on  which  it  is  based  represent  true  averages. 
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cipitate  of  intensely  yellow  color,  which  woald  disappear  again  upon 
stirring.  Aflef  successive  additions  of  the  reagents,  the  precipitates 
finally  remained,  but  to  effect  this,  much  more  of  the  solution  con- 
taining NajS  4-  Na^  was  consumed  than  of  that  containing  Na^S,. 
It  became  at  once  apparent  that  only  a  very  small  portion  of  the 
reagents  was  engaged  in  the  reaction,  the  solution  assuming  an  in- 
tensely yellow  color.  Upon  adding  a  sufficient  quantity  of  water 
the  precipitates  dissolved  again ;  hence,  it  was  not  possible  to  examine 
them  further  by  filtering  and  washing  with  water.  This  was  done, 
however,  with  alcohol,  in  which  sodium  polysulphides  are  soluble 
and  calcium  hydrate  is  not.  After  repeated  washing  with  alcohol 
the  precipitates  became  white  and  proved  to  be  calcium  hydrate. 

Now,  50  C.C.  of  each  sulphide  solution  was  put  into  a  7-pound  acid 
bottle  and  shaken  for  three  hours,  air  and  carbonic  acid  being  blown 
from  the  lungs  into  the  bottles  every  few  minutes.  In  the  begin- 
ning, the  solutions  remained  perfectly  clear ;  finally,  a  small  amount 
of  sulphur  separated,  indicating  the  presence  of  higher  polysulphides 
than  NajS,. 

The  oxidized  sulphides  were  now  tested  with  calcium  solutions 
as  before.  Yellow  precipitates  appeared  at  once ;  but  with  equal 
quantities  of  the  reagents,  the  precipitate  from  the  NajS,  solution 
was  quite  small  compared  with  that  obtained  by  the  NajS  -f~  N'ajS, 
solution.  These  precipitates  were  not  flocculent,  settled  quickly  and 
did  not  dissolve  upon  addition  of  water.  After  washing  they  became 
perfectly  white,  and  proved  to  be  CaCOj.    Q.  E.  D 1 

It  is  claimed  that  the  precipitate  of  calcium  can  be  avoided  if 
precipitation  of  silver,  copper  and  lead  is  not  done  too  closely.  I 
am  of  an  entirely  different  opinion.  If  the  precipitate  were  actually 
an  insoluble  calcium  sulphide,  yes ;  but  since  it  is  CaCOj,  its  precipi- 
tation must  commence  at  once.  The  precipitate  becomes  apparent 
only  after  the  metals  have  been  completely  precipitated  and  if  cal- 
cium still  remains  in  solution.  The  precipitate  appears  yellow,  be- 
cause it  holds  mechanically  sodium  sulphide.  Only  prolonged  wash- 
ing makes  it  white.  As  will  be  seen  from  the  example  quoted 
previously,  much  more  calcium  may  be  in  a  lixiviation-solution  per 
ton  of  ore  than  can  be  precipitated  even  by  a  well  oxidized  Bussell's 
sulphide  prepared  from  6  pounds  of  caustic  soda. 

It  remains  to  be  seen  how  much  sulphur  is  actually  needed  in 
practice  to  prepare  a  sodium  sulphide  free  from  Na^S.  How  to  test 
such  a  solution  for  ascertaining  this,  has  been  shown  above. 
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§  5.  Regeneration  op  Sodium  Hyposulphite  fbom 

Tetrathionatb.  ' 

Id  preparing  Russell's  extra-solution,  one  pound  of  sodium  hypo- 
sulphite is  changed  to  tetrathionate  for  each  pound  of  oopper  sulphate 
consumed.  The  formation  of  tetrathionate  is  further  increased  by 
the  atmospheric  decomposition  of  extra-solution,  so  that,  finally,  the 
solution  must  hold  a  considerable  amount  of  sodium  tetrathionate, 
which  salt  is  not  a  solvent  for  silver-compounds.  Fortunately,  a 
very  simple  reaction  converts  the  tetrathionate  again  into  hyposul- 
phite : 

Na  AOj  +  Na^S.  =  2Na2SA  +  xS. 

This  reaction  takes  place  in  precipitating  the  solution. 

So  long  as  metals  remain  unprecipitated,  it  is  doubtful  whether 
this  regeneration  can  take  place  or  not.  Close  precipitation  and  over- 
precipitation,  however,  would  give  to  the  reaction  free  scope.  Hence, 
it  will  be  judicious  to  precipitate  closely,  and  to  over-precipitate  occa- 
sionally, the  solution  in  a  number  of  precipitating-tanks.  The  exoess 
of  sodium  sulphide  is  then  neutralized  by  running  some  fresh  silver 
solution  into  the  precipitating-tank.  That  all  this  is  not  merely 
theoretical  speculation,  is  proved  by  statistics  from  the  Yedras  mill, 
Mexico.  With  a  consumption  of  9.6  pounds  copper  sulphate  per 
ton  of  ore  for  making  extra-solution,  the  loss  in  sodium  hyposul- 
phite, by  close  precipitation,  was  only  1.4  pounds  per  ton  of  ore 
treated.  When  the  consumption  of  copper  sulphate  was  reduced  to 
7.7  pounds,  the  lass  in  hyposulphite  fell  to  0.74  pound.  In  this 
case  over-precipitation  was  not  practiced;  if  it  had  been  done,  the 
loss  in  hyposulphite  would  have  been  reduced  still  further.  That  it 
is  profitable  to  regenerate  hyposulphite  from  tetrathionate,  the  fol- 
lowing calculation  will  show,  based  upon  the  quality  and  prices  of 
chemicals  assumed  in  §  3. 

For  the  production  of  100  pounds  sodium  hyposulphite,  a  quantity 
of  Na^  would  be  needed,  requiring  : 

21.5  pounds  canstic  soda,     * $1.18 

16.3  pounds  sulphur, 0.57 

Total  cost, fl.75 

100  pounds  NajSaOi  + 5  aq |4.00 

Net  saving, $2.25 

In  this  estimate  the  hyposulphite  contained  in  and  added  by  freshly 
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prepared  Na^Sj  is  included.  In  regenerating  hyposalphite  from 
tetrathionate,  free  sulphur  is  added  to  the  precipitated  sulphides^  as 
follows : 

For  100  parts  hyposulphite  r^nerated,  there  are  added : 

When  Ka^S  is  used, 6.45  parts  of  snlphur. 

"     NaA    "  12.90    "  " 

*•      CaSj      "  82.25.    **  " 

f 

In  these  figures  the  hyposulphite  added  by  and  contained  in 
the  sulphides  is  not  included. 

§  6.   PRECIPrrATING-CoEFFICIBNTS, 

The  precipitating-coefficients  of  a  sulphide  solution  are  the  quan- 
tities of  silver,  copper  and  lead  precipitated  for  100  parts  of  caustic 
soda,  or  caustic  lime  consumed  in  its  manufacture.  In  the  same  way 
precipitating-coefficients  can  be  established  for  sulphur. 

If  a  metal  is  precipitated  by  an  alkaline  polysulphide,  RS.,  one 
equivalent  of  the  latter  precipitates  one  equivalent,  or  a  double 
equivalent,  of  the  former,  (a;  —  1)S  being  liberated  as  free  sulphur. 

The  following  facts  are  of  importance  in  reference  to  precipita- 
ting-coefficients for  caustic  soda.  If  the  lower  sodium  polysulphides 
are  prepared  either  from  lye  of  proper  concentration,  but  not  of  suf- 
ficient temperature  before  adding  the  sulphur,  or  from  diluted  lye 
by  boiling  it  with  sulphur,  reagents  may  result  with  precipitating- 
coefficients  for  caustic  soda  far  below  the  normal  values  recorded  in 
tables  A  and  B.  This  can  only  be  explained  by  assuming  that  a 
part  of  the  caustic  soda  remains  free  and  uncombined  with  sulphur, 
which  is  actually  the  case.  For  this  and  other  reasons  already  stated, 
it  is  not  judicious  to  attempt  the  preparation  of  a  solution  containing 
Na^  in  perceptible  quantity  in  order  to  save  sulphur.  A  solution 
in  which  Na^S  largely  predominates  will  always  have  precipitating- 
coefficients  below  the  normal  values  for  caustic  soda. 

On  the  other  hand,  very  concentrated  solutions  of  the  higher 
polysulphides  may  give  precipitating-coefficients  far  above  normal 
values.  Since,  however,  these  abnormal  values,  as  already  stated, 
are  only  obtained  by  partial  precipitation  of  silver,  copper,  and  lead 
from  a  hyposulphite  solution,  and  do  not  exist  in  complete  precipi- 
tation, and  consequently  not  in  practical  mill-work,  the  subject  is 
without  economical  value,  and  will  not  be  discussed  here. 

Although  great  accuracy  cannot  be  claimed  for  the  tables  below, 
regarding  actual  mill-work,  they  will  be  sufficiently  near  the  truth 
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to  base  calcalations  of  practical  value  upon  them.  They  refer  to 
freshly  prepared  sodium  sulphide,  and  not  to  solutions  oxidized  by 
long  contact  with  the  atmosphere. 

The  following  precipitating  schemes  may  be  considered  of  practi- 
cal value. 

A.  Lead  and  calcium  are  absent,  or  only  present  in  very  small 
quantities. 

Method  1. — ^Precipitation  by  Na^S,,  or  by  CaS^. 

B.  Lead  and  calcium  are  present  in  perceptible  quantities,  or  lead 
alone  is  present 

Method  2. — Precipitation  of  lead  by  caustic  lime,  followed  with 
precipitation  of  silver  and  copper  by  CaS,. 

Method  3. — Precipitation  of  lead  and  calcium  by  Solvay  soda,  fol- 
lowed with  precipitation  of  silver  and  copper  by  NajSj. 

C.  Calcium  is  present  in  considerable  quantity,  but  not  much 
lead. 

Method  1,  as  given  above,  is  here  applicable;  but  in  naming 
Na^Sg  as  precipitant  under  ^'C,''  it  is  distinctly  understood  that  the 
reagent  should  be  practically  free  from  NajS,  so  that  an  oxidized 
solution  contains  only  a  minimum  of  Na^CO^.  If  it  cannot  be  pre- 
pared with  the  amount  of  sulphur  needed  for  the  preparation  of 
NajS^  according  to  equation  No.  1,  more  sulphur  must  be  used. 

In  considering  the  economy  of  the  different  methods  of  precipita- 
tion, it  would  be  misleading  to  rely  only  \i\^n  the  figures  given  in 
the  tables.  There  are  other  important  elements  that  must  enter  into 
calculation,  outside  of  the  cost  of  chemicals,  and  the  relative  propor- 
tions of  silver,  copper,  lead,  and  calcium  in  the  solution.  It  is  im- 
portant, for  instance,  whether  the  lead-calcium  carbonate  can  be  profit- 
ably sold.  If  calcium  predominates,  the  product  may  be  exceedingly 
low  in  lead,  and  only  salable  at  the  expense  of  the  silver  it  contains. 
An  equally  important  factor  is  the  grade  of  the  sulphides  in  silver. 
The  lower  the  grade,  the  heavier  the  freight  and  the  smelting  charges 
per  ounce  of  silver,  or  the  cost  of  refining  if  sulphides  are  treated  at 
the  mill.  To  this  must  be  added  increased  expense  in  handling, 
namely,  pressing,  drying,  sampling,  and  packing  of  precipitates. 
Evidently,  general  rules  cannot  be  established  regarding  the  most 
economical  method  of  precipitation,  but  a  calculation  must  be  made 
for  each  individual  case. 

As  repeatedly  stated,  tables  for  CaS,  cannot  be  calculated  on 
merely  theoretical  grounds.  An  attempt,  however,  is  made  in  tables 
E  and  F,  to  base  values  for  CaSg  on  actual  mill-statistics. 
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A  comparative  test  was  made  between  Kussell's  sulphide  and 
CaS^y  at  the  Cusihuiriachic  mi}],  Mexico,  as  follows : 

The  mill,  reducing  50  tons  of  ore  per  day,  was  run  38  days,  using 
KusselKs  sulphide,  and  21  days,  using  CaS,  as  precipitant.  The 
quantities  of  chemicals  consumed  were  as  follows : 

Udng  RuaaeWs  Sulphide  : 

Average  value  of  ore :  35.1  ounces  silver  per  ton. 
Consumption  of  caustic  soda :  4.4  pounds  per  ton  of  ore. 
Consumption  of  sulphur :  2.9  pounds  per  ton  of  ore. 

Using  CaS^: 

Average  value  of  ore :  39.0  ounces  silver  per  ton. 

Consumption  of  caustic  lime  :  24  pounds  per  ton  of  ore. 

Consumption  of  sulphur :  10.3  pounds  per  ton  of  ore. 

Outside  of  a  difference  in  value,  the  ore  was  of  exactly  the  same 
character  in  both  cases.  For  better  comparison,  I  reduce  the  above 
figures  for  CaS^  to  what  they  would  have  been  in  working  ore  of 
35.1  ounces  silver  per  ton,  with  the  following  result: 

Corrected  Values ,  Using  CaS^: 

Consumption  of  caustic  lime :  21.6  pounds  per  ton  of  ore. 
Consumption  of  sulphur :  9.3  pounds  per  ton  of  ore. 

To  make  these  statistics  more  available  for  comparison,  the  com- 
position of  the  sulphides  should  have  been  ascertained,  besides  the 
consumption  in  hyposulphite.  Under  the  circumstances,  I  have  to 
take  the  figures  as  they  are.  Considering  what  has  been  said  about 
the  preparation  of  CaSg,  and  its  deterioration  by  oxidation,  the  much 
higher  consumption  of  chemicals  involved  in  manufacturing  CaS^, 
compared  with  RusselPs  sulphide  of  equal  efficiency,  is  by  no  means 
extravagant.  To  make  comparison  perfectly  fair,  we  should  add, 
however,  for  CaSg  a  gain  of  about  20  per  cent,  in  hyposulphite,  on 
a  basis  of  the  quantity  of  this  salt  contained  in.  freshly  prepared 
Russell's  sulphide.  For  convenience  in  calculation,  the  addition  of 
calcium  hyposulphite  is  put  down  as  its  equivalent  of  the  sodium 
salt. 

In  the  financial  table  F,  the  price  of  caustic  lime  is  taken  at  | 
cent  per  pound,  and  other  chemicals  as  stated  in  table  D. 

It  is  interesting  to  compare  table  F  with  table  D.     Even  under 
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favorable  assumptions  for  CaSg,  this  reagent  is^  at  stated  prioes  for 
caustic  soda^  sulphur  and  sodium  hyposulphite^  very  much  dearer 
than  Na^S,. 

CaS^  would  be  only  cheaper  where  caustic  lime  can  be  obtained 
at  much  less  than  f  cent  per  pound,  and  where  the  cost  of  sulphur  is 
abnormally  low  compared  with  that  of  caustic  soda. 

For  this  reason,  in  examining  different  methods  of  precipitation 
for  a  special  case  under  normal  conditions,  we  may  just  as  well  pay 
no  attention  to  CaSs  in  Method  1,  and  discard  Method  2  altogether. 

Finally,  if  in  lixiviation  a  considerable  amount  of  sodium  hypo- 
sulphite is  consumed  to  keep  up  the  strength  of  the  stock-solution, 
it  will  be  more  profitable,  in  most  cases,  to  use  an  oxidized  sodium 
sulphide  solution  in  place  of  one  freshly  prepared.  Although  the 
cost  of  precipitation  is  thereby  apparently  increased,  the  total  cost  of 
lixiviation  will  be  diminished. 

It  has  been  claimed  that  in  using  CaS^,  the  sulphides  precipitate 
quicker  and  settle  better  than  with  sodium  sulphide.  This  claim 
is  not  sustained  by  practical  experience. 

We  find  it  stated  in  treatises  on  metallurgy  that  calcium  hypo- 
sulphite is  a  more  energetic  solvent  for  gold  than  the  sodium  salt. 
This  statement  is  without  foundation  in  theory  or  practice.  The  sol- 
vent energy  of  calcium  hyposulphite  for  silver-compounds  is  slightly 
inferior  to  that  of  the  sodium  salt,  according  to  Russell's  experi- 
ments. 

The  difference  in  deterioration  of  the  two  hyposulphites  by  atmos- 
pheric influences  has  already  been  mentioned. 

Table  A. — PreeipUcUing^Ooefficienisfor  o.  p,  ReagenU. 

Calculations  are  based  upon  the  following  approximate  chemical 
equivalents,  frequently  used : 

H  =  l;  0=16;  C=12;  S=32;  Na  =  23; 
Ca  =  40;  Ag=108;  Pb  =  207;  Cu  =  63. 

PrecnpiMing-Coefficienta  for  NaHO,  Consumed  in  the  Manufacture  of 

Na^^ 

lOONaHO  precipitates  180.0  Ag  as  Ag^. 
100  NaHO  precipitates  172.5  Pb  as'PbS. 
100  NaHO  precipitates  105.0  Cu  as  Cu^. 
Adding  103.3  Na^Oj  +  5  aq. 

The  following  quantities  of  NaHO  and  S,  consumed  in  the  manu- 
facture of  NajS  and  NajS,,  are  needed  for  the  precipitation  of  metals : 
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For  100. 

MaHO. 

Sulphur  for 

Adding 
NasSsQs  +  5  aq. 

Na^. 

NaA. 

Ag. 

65.6 

• 

29.6 

44.4 

57.8 

Pb. 

68.0 

30  9 

46.4 

69.9 

Chi. 

95.2 

60.7 

76.1 

98.3 

PtecipUation  of  Lead  and  Caldum  by  Na^CO^  - 

100  NhjCO,  precipitates  195.3  Pb  as  PbCO,. 

100  NajjCO,  precipitates  37.7  Ca  as  CaCO,. 

For  precipitation  of 

100  Pb  are  needed  51.2  NsjCO,. 

100  Ca  are  needed  265.0  NajCO,. 

Table  B. — Precipitating- Coefficients  for  Commercial  Reagents. 

Caustic  soda  with  90  per  cent.  NaHO,  corresponding  to  the  English 
rating  of  70.6  per  cent. ;  sulphur  with  95  per  cent,  S ;  Solvay  soda 
with  98  per  cent.  NajCOj. 

Precipitating- CoeffieiaUs  for  Caustic  Soda,  Consumed  in  the  Manu- 

fadure  of  Na^ 

100  Caustic  soda  precipitates  162.0  Ag  as  AgjS. 

100  Caustic  soda  precipitates  155.2  Pb  as  PbS. 

100  Caustic  soda  precipitates  94.5  Cu  as  CujS. 

Adding  93  Na^O,  +  5  aq. 

The  following  quantities  of  caustic  soda  and  sulphur^  consumed 
in  the  manufacture  of  Russell's  sulphide  and  NajS^,  are  needed  in 
the  precipitation  of  metals : 


For  100. 

NaHO. 

Sulphur  for 

Adding 
NaiSs08  +  5aq. 

Russell's 
Sulphide. 

NaA. 

Ag. 
Pb. 
Cu. 

61.6 

64.4 

106.7 

41.0 
42.9 
70.4 

46.7 
48.8 
80.0 

67.3 
69.9 
98.3 

PredpiiaJlion  of  Lead  and  Calcium  by  Solvay  Soda. 

lOOSojvay  soda  precipitates  191.4  Pb  as  PbCO,. 
100  Solvay  soda  precipitates  36.9  Ca  as  CaCO,. 
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For  precipitation  of 

100  Pb  are  needed  52.2  Sol vaj  soda. 

100  Ca  are  needed  270.3  Solvay  soda. 

Table  C. —  Weights  of  Predjntates  and  their  Percentages  in  Metals^ 

Weights  of  Sulphides, 


From  100. 

If  precipitated  by 

RusRell's 
Sulphide. 

NaA. 

CaSs. 

Ag. 
Pb, 
Cu. 

124.3 
125.3 
141.6 

129.6 
130.9 
150.8 

174.1 
177.3 

227.0 

• 

Weights  of  Carbonates. 
The  precipitation  by  Solvay  soda  will  produce  from : 

100  Pb, 129.0  PbCOj. 

100  Ca, 250.0  CaCX),. 

PercerUages  of  Metals  in  Sulphides. 


Percentage  of 

If  precipitated  hj 

• 

Rnssell'B 
Sulphide. 

NaA. 

CaSfi. 

Ag  in  Silver  Sulphide 

Pb    "    T^Ad 

Cu  "  Copper      " 

80.4 
79.7 
70.6 

77.1 
76.4 
66.3 

57.4 

• 

56.4 
44.0 

PercerUages  of  Metals  in  Carbonates, 

Lead  carbonate,       77.5  Pb. 
Calcium  carbonate,  40.0  Ca. 

Table  D. — Financial  Results, 

Showing  the  cost  of  precipitation  by  Russell's  sulphide,  NajSg,  and 
by  Solvay  soda,  assuming  the  following  prices  for  commercial  chem- 
icals put  down  at  the  mill :  caustic  soda,  5.5  cents ;  sulphur,  3.5 
cents;  Solvay  soda,  4.0  cents;  hyposulphite,  4.0  cents  per  pound. 
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Cost  of  Preoipitating  Metals  as  Sulphides, 


For  100 
Pounds. 

By  Russell's 
Sulphide. 

ByNatSs. 

Gain  in 

Na^sOs  + 

6aq. 

Net  Ck)Bt  using 

Difference    in 
cost  between 
Russell's  Sul- 
phide     and 
KaA*. 

Russell's 
Sulphide. 

NaA. 

Ag. 
Pb. 
Co. 

14.82 
5.04 
8.28 

$5.02 
6.26 
8.61 

$2.29 
2.40 
3.93 

• 

$2.53 
2.64 
4.36 

$2.73 
2.85 
4.68 

$0.20 
0.21 
0.33 

Cost  of  Precipitaiing  Lead  and  Calcium  as  parbonates. 

For  100  pounds  Pb,  $2.09. 
For  100  pounds  Ca,  10.81. 

Table  £. — Showing  the  quantities  of  caustic  lime  and  sulphur 
consumed  in  the  manufacture  of  CaS^,  needed  for  the  precipitation 
of  metals. 


For  100  Pounds. 

Caustic  Lime. 

Sulphur. 

Adding 
NaflSsOs  +  5  aq. 

Ag. 
Pb. 
Co. 

'302.4 
816.1 
619.0 

130.2 
136.1 
223.4 

68.8 

71.9 

118.0 

This  table  is  based  on  comparative  statistics  obtained  in  the  Cusi- 
huiriachic  mill,  Mexico. 

Table  F. — Showing  the  cost  of  precipitation  by  CaS^,  assuming 
price  of  caustic  lime  at  f  cent  per  pound,  and  that  of  other  chemi- 
cals the  same  as  given  in  table  D. 


Cost  of 

Precipitating 

100  Pounds. 

Caustic  Lime. 

Sulphur. 

Total. 

Gain  in 
NaflSjOs  +  5  aq. 

Net  Cost. 

Ag. 
Pb. 
Cu. 

$2.26 
2.37 
3.89 

$4.56 
4.76 
7.82 

$6.82 

7.13 

11.71 

$2.75 
2.88 
4.72 

$4.07 
4.25 
6.99 

This  table  is  based  upon  the  figures  given  in  table  E. 
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§  7.  Application  of  the  Tables  to  Special  Cases. 

In  this  section  the  tables  will  be  applied  to  examine  the  cost  of  pre- 
cipitation in  special  cases.  It  is  assumed  that  the  ore  contains  lead 
and  a  small  amount  of  calcium.  Although  its  contents  in  copper 
are  insignificant,  the  copper  from  extra-solution,  necessary  for  treat- 
ment, comes  to  precipitation.  We. will  neglect  the  comparatively 
small  amount  of  silver  precipitated  with  the  lead-calcium  carbonates, 
assuming  that  such  silver  is  paid  for  at  the  same  rates  as  silver  in 
sulphides.     Prices  of  chemicals  are  taken  as  stated  in  Table  D. 

We  further  assume  the  following  terms,  according  to  a  case  as  it 
really  exists,  for  the  disposal  of  the  sulphides  to  smelting- works  and 
the«cost  of  handling  the  precipitates: 

The  Marsac  mill,  according  to  W.  A.  Wilson,  sells  its  sulphides 
to  the  Omaha  &  Grant  8.  &  R.  Co.,  the  latter  paying  for  97  per 
cent,  of  the  silver,  New  York  quotations,  charging  $30  per  ton 
for  treatment,  but  paying  freight  from  Park  City  to  Omaha.  No 
allowance  is  made  for  copper  or  lead.  [Gold  is  paid  for  at  the  rate 
of  $20  per  ounce.] 

Carbonate  precipitates  are  taken  at  the  same  rates,  as  also  the  low- 
grade  precipitates  from  the  first  wash-water.  It  will  be  seen  at  once 
that  the  disposal  of  carbonates  at  sulphide  rates  cannot  be  favorable 
to  the  separate  precipitation  of  lead  in  the  presence  of  calcium.  The 
Marsac  mill  used  this  method  formerly  for  a  short  time  only,  then 
abandonee!  it,  but  has  adopted  it  again  recently.  A  better  market 
for  carbonates  will,  no  doubt,  be  found  hereafter. 

The  cost  of  handling  precipitates  is  assumed  at  $10  per  ton. 

Example. 

The  solution  obtained  in  lixiviation  contains  per  ton  of  ore: 

3  pounds  (43i  ounces)  silver. 

1  pound  copper. 

3  pounds  lead. 

^  pound  calcium. 

Four  pounds  sodium  hyposulphite  have  to  be  regenerated  from 
tetrathionate  in  precipitation.  This  expense,  however,  we  need  not 
.consider,  since  it  is  the  same  for  Methods  1  and  3. 

I  hardly  need  remind  the  reader  that  ift  precipitation  Na^S,  free 
from  NajCOs  is  used,  and  not  an  oxidized  solution  of  Russell's  sul- 
phide, which  would  also  precipitate  calcium  in  Method  1,  changing 
the  weight  and  grade  of  the  sulphides. 
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Weights  of 
Precipitates. 

Precipitation  by 

Method  1. 

.    Methods. 

Sulphides, 
Carbonates, 

9.32  pounds. 

5.40  pounds. 
5.12        *^ 

Sulphides  contain 

Ag,perton,oz., 
Cu,  per  cent, 
Pb,    "     " 

9388.5 
10.73 
32.19 

16,201.7 
18.52 

Carbonates  o 

ontain  Pb,  per  cent.  58.6. 

Cost  of 

Cents. 

Cents. 

Precipitation, 

Handling, 

Reduction, 

21.42 

4.66 

13.98 

25.45 

5.26 

15.78 

Total, 

40.06 

46.49 

It  will  be  seen  at  onoe  that  separate  precipitation  of  lead  and  cal- 
cium cannot  be  profitable  if  carbonates  are  sold  at  sulphide  rates. 
Also,  that  Method  3  becomes  more  costly,  the  more  calcium  is 
present  in  proportion  to  the  lead. 

We  will  now  assume  90  per  cent,  of  the  lead  in  carbonates  to  be 
paid  for  at  the  rate  of  2  cents  per  pound,  and  freight  and  smelting- 
oharges  to  be  $15  per  ton;  also  that  silver  is  paid  for  at  sulphide- 
rates.     This  would  give  the  following  result : 

Cents. 
Precipitation, 25.45 

Handling 5.26 

Keduction,  sulphides, 8.10 

Reduction,  carbonates, 3.84 

Total,      .        .    42.65 
Less  amount  realized  firom  sale  of  lead, 5.40 

ToUl,     .        .    37.25 

ft 

Should  the  buyer,  however,  deduct  5  per  cent,  of  the  silver  in 
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place  of  3  per  oent.,  nearly  all  the  profit  from  the  sale  of  lead  may 
be  consumed^  or  even  a  negative  balance  lefl,  depending  on  the 
richness  of  the  carbonates  in  silver. 

It  is  hardly  necessary  to  continue  this  discussion.  The  separate 
precipitation  of  lead  and  calcium  by  Solvay  soda  is  evidently  not  so 
profitable  as  its^advocates  claim.  If  lead  alone  is  present,  or  the 
amount  of  calcium  is  very  slight  in  proportion  to  lead.  Method  3  can 
be  used  to  advantage. 

It  is  clainled  that  the  removal  of  calcium  from  the  lixiviation-solu- 
tion  has  a  beneficial  effect  on  the  extraction  of  the  silver.  Whether 
this  is  true,  I  do  not  know. 

If  sulphides  are  refined  at  the  mill  by  a  humid  process  with  sul- 
phuric acid,  the  absence  of  lead  and  calcium  is  essential  to  success; 
and  in  this  case  Method  3  is  of  great  value,  as  I  shall  demonstrate 
in  another  paper. 

My  friends  who  operate  lixiviation- works  will,  most  likely,  object  to 
many  conclusions  I  have  drawn  in  this  treatise,  saying  that  the  pro- 
cess as  carried  out  in  practice  is  not  like  that  operated  here  on  paper. 
If  they  will  bring  out  an  array  of  facts,  proving  that  I  am  wrong, 
I  shall  consider  myself  the  gainer,  earning  the  thanks  of  the  pro- 
fession for  bringing  information  to  light  which  otherwise  would 
have  remained  hidden. 

APPENDIX. 

The  Loss  of  Hypomdphite  in  Lixiviation. 

In  connection  with  precipitation,  some  remarks  about  the  loss  of 
hyposulphite  in  lixiviation  will  be  pertinent. 

As  has  been  shown,  large  amounts  of  hyposulphite  are  added  to 
the  stock-solution  in  precipitation,  even  with  freshly  prepared  cal- 
cium or  sodium  sulphides.  From  this  it  might  be  expected  that 
the  stock-solution  would  always  increase  in  strength  and  concen- 
tration. This  is  only  the  case  if,  in  ordinary  lixiviation,  CaS^ 
is  used  as  precipitant,  and  comparatively  large  amounts  of  copper 
and  lead  are  thrown  down  together  with  the  silver. 

The  losses  in  hyposulphite  are  partly  mechanical,  and  partly 
caused  by  chemical  decomposition.  The  mechanical  losses  take 
place  when  the  first  wash-water  is  replaced  by  stock-solution,  and 
again  when  the  latter  is  replaced  by  the  second  wash-water.  In 
these  operations,  no  matter  how  carefully  they  are  conducted,  water 
and  stock-solution  are  more  or  less  mixed,  especially  where  the 
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filters  are  not  id  good  condition  and  are  partly  choked.  Thus,  in 
replacing  the  first  wash-water,  a  certain  quantity  of  hyposulphite 
solution  results,  too  weak  to  be  mixed  with  the  normal  solution ; 
for  this  reason  it  is  transferred  to  a  separate  precipitating-tank, 
precipitated  there  by  itself,  and  the  decanted  clear  solution  run  to 
waste.  As  soon  as  the  solution  shows  a  certain  strength  in  hypo- 
sulphite, which  is  ascertained  by  the  iodine-test,  it  is  turned  into 
a  regular  precipitating-tank.  ^he  same  is  the  case  in  replacing  the 
solution  by  the  second  wash-water.  The  higher  the  percentage  of 
hyposulphite  in  the  stock -solution,  the  greater  this  mechanical  loss. 
The  chemical  losses  are  caused  as  follows : 

1.  By  oxidation  in  contact  with  the  atmosphere,  hyposulphite 
being  converted  into  sulphate.  This  loss  depends  on  the  quantity 
of  solution  used  per  toil  of  ore  and  kept  in  rotation,  its  temperature, 
and  upon  atmospheric  conditions,  most  likely  the  contents  of  the 
atmosphere  in  ozone. 

2.  By  converting  hyposulphite  into  tetrathionate  in  preparing 
extra-«olution,  and  further  formation  of  tetrathionate  by  atmospheric 
oxidation  of  extra-solution.  This  loss  is,  however,  made  largely 
good  again  by  close  precipitation,  and  may  be  almost  completely 
covered  by  over-precipitation. 

3.  By  decomposition  of  extra-solution  with  formation  of  CU28 
and  sulphates  ;  this  loss  being  final  and  irretrievable.  It  is  greatest 
where  extra-solution  has  to  perform  much  work — i,e.,  where  standard 
extra-solution  must  be  used  warm  and  is  circulated  It  is,  no  doubt, 
greater  if  a  Koerting  ejector  is  used  for  circulation  than  with  a 
geyser-pump.  This  subject  is  discussed  in  my  paper,  "  The  Con- 
struction of  Details  for  a  Modern  Lixiviation  Plant."  (Page  3  of  this 
volume.) 


TEE  BEFININQ  OF  8ULPE1JDE8  OBTAINED  IN  TEE 
LIXIVIAIION  PROCESS  WITE  ETP08ULPE1TE 

SOLUTIONS, 

BY  C.   A.   STETEFELDT,   SAN  FRANCISCO,  CAL. 

(Cleveland  Meeting,  June,  1891.) 

Steam-dried  sulphides,  obtained  in  the  lixiviation-process,  are 
now  almost  exclusively  sold  to  smelters,  the  old  methods  of  melting 
(after  roasting)  in  crucibles,  or  cupelling  with  lead  at  the  mill,  having 
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become  obeolete,  principally  becaase  they  involve  aocainalation  of 
a  large  quantity  of  silver  in  by-prodncts,  that  must  be  sold  to 
smelters  under  any  circumstances. 

It  would  be  desirable  to  refine  sulphides  at  the  mill  by  a  humid 
process,  especially  when  they  contain  a  lai^  percentage  of  copper, 
which  would  be  converted  into  sulphate,  the  latter  being  used  again 
in  the  mill  for  preparing  Russell's  extra-solution.  If  refining  is 
done  by  a  humid  process,  it  is  hardly  necessary  to  say  the  sulphides 
should  be  nearly  frte  from  lead  and  calcium,*  and  these  metals,  if 
present  in  the  lixiviation-solution  in  perceptible  quantities,  should 
be  precipitated  separately  by  Solvay  soda. 

The  sulphides  should  also  be  free  from  soluble  salts  contained  in 
the  hyposulphite  stock-solution,  since  these  salts  cause  serious  diffi- 
culties in  roasting  and  contaminate  the  copper  sulphate  obtained  as 
a  by-product.  Sulphide  cakes  from  the  filter-press  may  hold  50 
per  cent,  and  more  of  moisture.  If  the  sulphides  are  not  washed 
before  going  to  the  filter-press,  or  in  the  latter  itselff — which  prac- 
tice mostly  prevails  now — they  may  contain,  after  steam-drying,  a 
considerablequautity  of  sodium  hyposulphite,  sulphate  and  chloride, 
besides  some  other  salts.  While  the  percentage  of  sodium  hyposul- 
phite in  the  stock -solution  is  kept  constant,  that  of  other  salts  in- 
creases to  a  certain  limit,  which  may  be  very  high.  In  one  sample 
of  Marsac  sulphides,  11.3  per  cent,  of  these  salts  was  found,  and  in 
another,  13.2  per  cent.  Under  all  circumstances  it  is  bad  practice 
not  to  wash  sulphides.  Steam-drying  becomes  more  difficult  and 
expensive,  the  salts  retaining  water  of  crystallization,  and  if  sulphides 
are  sold  to  smelters,^  freight  and  working-charges  have  to  be  paid 
on  worthless  material.  Besides,  the  sulphides  may  take  up  moisture 
during  storage  and  shipment,  thus  causing  disputes  about  discrep- 
ancies in  weight  and  assay-value. 

The  whole  problem  of  refining  sulphides  at  the  mill  presents 
financial  as  well  as  technical  difficulties,  i.e.,  commercial  success  de- 
pends on  the  location  of  the  works. 


*  Ck)ncerniDg  calcium  in  sulphides,  see  my  paper  on  '*The  Precipitation  of 
Metals  from  Hyposulphite  Solntions.^'   (Page  15  of  this  volume.) 

f  Precipitates  are  washed  easily,  and  with  a  minimum  of  water,  in  a  filter-press 
especially  constructed  for  that  purpose.  In  washing  sulphides  a  very  small  quan- 
tity of  Nm,S,  should  be  added  to  the  wash-water  to  prevent  sulphatization  of  Cu^. 

X  The  freight  and  smelting-charges  on  Marsac sulphides  are  $30  per  ton;  hence, 
in  not  removing  the  soluble  salts,  from  $3.39  to  $3.96  are  paid  for  shipping  and 
reducing  wortliless  material  that  might  have  been  just  as  well  left  at  the  mill. 
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In  one  of  my  papers  {Trans.y  xiii,,  p.  105)  I  proposed  to  dissolve 
raw  sulphides  in  concentrated,  nitrated  sulphuric  acid,  with  regenera- 
tion of  the  escaping  nitric  oxide  to  nitrous  and  nitric  acid,  absorbing 
the  latter  by  concentrated  sulphuric  acid.  I  am  now  of  the  opinion 
that  this  process  is  without  merit.  The  principal  advantage  obtained 
for  it  was  that  roasting  the  sulphides,  with  loss  of  silver,  might  thus 
be  avoided.  But  if  steam-dried  sulphides  are  carefully  roasted  in  a 
muffle-furnace  (the  muffle  being  heated  only  from  above,  not  from 
below),  and  the  escaping  gases  are  drawn  through  a  Roessler  con- 
vertor,  the  loss  of  silver  by  volatilization  can  be  entirely  precluded. 

In  my  book.  The  Lixiviation  of  Silver  Ores  vnih  Hyposulphite  So- 
luHons^  I  described  a  method  essentially  the  same  as  that  used  by  A. 
D.  Hodges  {Trans.f  xiv.,  p.  731)  for  refining  sulphurized,  base  Corn- 
stock  bullion,  with  this  difference,  that  in  my  plan  the  sulphuric 
acid  for  dissolving  copper  oxide  was  to  be  obtained  as  a  by-product 
by  drawing  the  sulphurous  acid  from  the  muffle-furnace  through  a 
Roessler  convertor.  This  method,  which  is  only  outlined  in  my 
book,  I  shall  now  consider  more  in  detail.  The  principal  difficulty 
of  the  process  centers  in  the  roasting.  If  sulphides  are  roasted  as 
they  come  from  the  drying-chamber,  after  grinding  the  lumps  in  a 
sampling-mill,  the  resulting  product  is  unsuited  to  treatment  with 
dilute  sulphuric  acid.  No  matter  how  carefully  the  roasting  is  done, 
a  granular  mass  is  obtained,  consisting  largely  of  metallic  alloys, 
with  comparatively  little  copper  oxide.  It  is  not  difficult  to  dis- 
cover the  reasons  for  this  behavior. 

1.  In  burning  the  free  sulphur,  the  charge  commences  at  once  to 
form  little  balls. 

2.  The  sulphides  are  not  in  the  form  of  a  copper-silver  matte,  but 
consist  of  individual  minute  particles  of  the  sulphides  of  silver  and 
copper. 

3.  Silver  predominates  too  much  over  copper. 

4.  Silver  sulphide  oxidizes  too  rapidly,  and  the  copper  oxide 
formed  immediately  reacts  upon  remaining  sulphides,  converting 
them  into  metals.  Most  likely,  even  at  very  low  temperature,  actual 
fusion  of  the  very  fine  particles  takes  place,  favoring  the  above  reac- 
tion. By  continued  oxidation,  a  portion  of  the  copper  in  the  alloy 
could,  no  doubt,  be  converted  into  oxide,  but  the  preponderance  of 
silver  would  prevent  oxidation  to  any  depth.  The  same  may  be 
said  concerning  the  action  of  the  Roessler  converter.  In  the  latter, 
metallic  copper  is  readily  dissolved  by  dilute  sulphuric  acid  ;  but  it 
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18  not  probable  that  this  would  be  the  case  with  an  alloy  containing 
80  much  silver. 

As  already  mentioned,  Hxiviation-works  now  ship  their  product 
to  smelters  unroasted.  Although,  by  roasting  sulphides,  their  weight 
is  materially  lessened,  and  the  product  is  obtained  in  a  better  and 
less  bulky  form  for  packing  and  shipping,  the  objection  to  roasted 
sulphides  is  based  upon  the  difficulty,  almost  impossibility,  of  their 
correct  sampling,  making  a  fair  settlement  between  buyer  and  seller 
a  source  of  much  annoyarnce. 

All  difficulties  in  roasting  can,  however,  be  overcome  if  we  con- 
vert the  sulphides  into  a  matte,  at  the  same  time  incorporating  more 
copper,  in  the  shape  of  cement-copper,  in  order  to  obtain  a  product 
which  permits  a  good  Ziervogel  ro&sting.  There  is  more  than 
enough  free  sulphur  in  the  sulphides  to  sulphurize  all  the  copper 
necessary  for  this  purpose. 

Hodges  sulphurized  base  Comstock  bullion  easily  and  at  a  trifling 
expense  in  a  cast-iron  kettle.  I  see  no  reason  why  the  matting  and 
cop{)erizing  of  sulphides  could  not  be  done  just  as  well  in  the  manner 
described  by  Hodges.  He  succeeded  in  roasting  a  copi)er-silver 
matte,  which  contained  on  an  average  equal  parts  of  copper  and 
silver,  converting  as  much  as  75  per  cent,  of  the  silver  (on  an  average, 
60  per  cent.)  into  silver  sulphate.  From  the  roasted  product  the 
copper  was  almost  completely  dissolved  as  oxide  by  chamber-acid.* 
Moi^t  probably  a  copper-silver  matte  may  be  successfully  roasted, 
even  if  silver  predominates  slightly  over  copper.  But  assuming  that 
the  relation  of  silver  to  copper  must  be  one  to  one,  the  amount  of 
copper  needed  would  not  be  very  large  where  ores  are  treated  by  the 
Russell  process,  and  a  comparatively  large  amount  of  copper  comes 
to  precipitation.     All  this  copper  would  be  returned  as  sulphate. 

The  operations  of  the  process  would  be  as  follows : 

1.  Matting  and  copperizing  the  sulphides  in  a  cast-iron  kettle. 
Sulphurous  acid,  produced  by  burning  of  an  excess  of  sulphur, 
should  be  conducted  to  the  muffle-furnace  and  thence  to  the  Roessler 
converter,  or  to  the  latter  at  once.  The  matte  may  be  removed  from 
the  kettle  while  in  a  pasty  condition,  i.6.,  before  solidifying. 

2.  Pulverizing  of  the  matte  through  a  No.  40  screen.f 


*  The  bars  produced  from  sulphurized  so-called  ''white  bullion ''  were  on  an 
average  .967  fine  in  silver  and  gold. 

f  One  cubic  foot  of  matte,  pulverized  through  a  No.  40  screen,  will  weigh  about 
175  pounds. 
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3.  Koastingin  a  muffle-furnace^  with  a  Roessler  converter  attached. 
The  roasting  should  be  conducted  as  was  done  by  Hodges,  i.e.y  for 

the  formation  of  a  maximum  of  silver  sulphate.  Should  the  sul- 
phuric acid  produced  in  the  converter  be  insufficient  for  dissolving 
all  the  copper  oxide,  pyritic  ores,  containing  silver,  could  be  roasted 
occasionally,  at  slight  expense,  to  make  up  the  deficiency ;  or  sul- 
phur could  be  burnt  should  this  prove  more  economical. 

4.  Boiling  the  roasted  sulphides  (after  separating  sintered  lumps 
by  screening)  in  a  lead-lined  tank  with  the  sulphuric  acid  obtained 
in  the  Roessler  converter. 

In  this  operation  either  of  two  methods  may  be  selected.  One, 
as  described  by  Hodges,  consists  in  the  separate  precipitation  of  the 
silver  sulphate  from  the  solution  by  copper,  if  it  is  desirable  to  raise 
the  fineness  of  gold  in  the  insoluble  silver  residue ;  the  other,  in 
effecting  the  decomposition  of  silver  sulphate  at  on«e  by  placing 
copper  plates  in  the  dissolving-tank.  The  latter  method  is  the 
simpler,  requiring  less  apparatus  and  manipulation,  and  deserves 
preference  when  gold  is  absent,  or  present  in  sufficient  quantity  to 
stamp  the  bars."*" 

6.  Crystallizing  the  copper  solution,  if  necessary,  after  concentra* 
tration. 

Since  all  or  most  of  the  copper  sulphate  is  used  again  in  the  mill 
and  not  for  sale,  special  attention  need  not  be  paid  to  the  production 
of  a  fine-looking  or  very  pure  article.  In  fact,  small  crystals  are 
more  desirable  for  the  preparation  of  extra-solution  than  large  ones. 
Mother  liquor  from  the  crystallizing-vats  would  be  returned  to  the 
Roessler  converter. 

The  concentration  of  solutions  I  propose  to  effect  by  running 
them  through  a  lead-tower,  with  inclined  shelves,  against  a  current 
of  hot  air.  The  latter  would  be  drawn  from  the  chimney  of  the 
muffle-furnace  by  a  Koerting  steam-jet  ventilator. 

6.  Washing  of  the  silver  residues  (and  cement-silver) ;  pressing 
into  cakes ;  drying  and  melting  into  bars. 

7.  Precipitating  cement-copper  by  scrap-iron  from  wash-waters, 


*  Id  connection  with  this  point,  I  made  the  following  experiment :  An  alloy 
of  pore  silver  and  copper,  .500  fine  in  silver,  was  boiled  with  silver  sulphate. 
Cement-silver  was  rapidly  precipitated,  although  mach  more  slowly  than  by  the 
ose  of  pure  copper.  I  then  took  Ontario  bullion,  .440  fine,  which  is  principally  an 
alloy  of  silver  and  copper,  and  immersed  a  sheet  of  it  in  a  silver  sulphate  solution. 
The  redaction  to  cement  silver  was  very  slow  and  ceased  entirely  after  a  short  time. 
Probably  the  presence  of  a  small  amount  of  lead  interfered  with  the  reaction. 
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weak  solutions  and  from  mother  liquors  in  which  too  much  iron  has 
accumulated. 

In  some  cases  a  surplus  of  copper  sulphate  over  that  needed  for 
extra-solution  in  the  mill  may  result.  Where  this  could  not  be  sold 
at  a  profit,  it  should  be  precipitated  by  scrap-iron,  thus  keeping  in 
rotation  the  cement-copper  for  copperizing  the  matte. 

It  will  be  seen  that  the  process  in  this  form  presents  no  essential 
technical  difficulties,  all  its  operations  being  well  understood  by 
metallurgists ;  nor  does  it  require  large,  expensive  or  complicated 
apparatus.  The  refinery  should  be  built  on  a  scale  to  remain  in 
operation  and  keep  the  men  employed  continuously  during  the  day- 
time only. 

Whether  it  will  be  more  profitable  to  refine  sulphides  at  the  mill 
or  sell  them  to  smelters,  must  be  calculated  for  each  individual  case 
and  depends  «ntirely'on  local  circumstances. 

I  have  no  doubt  that  refining  sulphides  at  the  mill  would  extract 
a  higher  percentage  of  the  precious  metals,  especially  of  the  gold, 
than  is  shown  by  the  commercial  assay  upon  which  settlement  is 
made  between  the  buyer  and  seller.  Smelting-works  must  have  a 
margin  in  their  favor,  or  they  could  not  conduct  their  business  with 
a  sufficient  profit  at  the  rates  they  charge  for  treatment  and  the  per- 
centage they  deduct  from  the  commercial  assay- value.  Even  the 
Freiberg  works,  belonging  to  the  government,  have  their  Huetten- 
remedien  and  extract  so-called  "plus"  silver. 

Having  in  view  the  erection  of  a  refinery  for  sulphides  at  the 
Marsac  mill,  Utah,  I  made  the  following  laboratory  experiments. 

Experiments  with  Sulphides  Containing  Lead 

AND  Calcium. 

[Sulphides  Unwashed) 

The  lot  of  Marsac  sulphides,  a  sample  of  which  was  at  my  dis- 
posal, was  said  to  have  been  produced  after  the  precipitation  by 
Solvay  soda  of  lead  and  calcium  from  the  solution ;  but  either  the 
precipitation  of  these  metals  was  not  complete,  or  the  sulphides  had 
become  mixed  with  those  obtained  prior  to  the  introduction  of  sepa- 
rate precipitation  for  lead  and  calcium.  The  sample  contained  34.7 
per  cent,  silver  (9.0  ounces  gold  per  ton),  19  per  cent,  copper  and 
2  per  cent,  lead ;  calcium  and  other  constituents  not  determined.  A 
few  grammes  of  these  sulphides  were  digested  with  dilute  hydro- 
chloric acid.   Carbonic  acid  and  sulphuretted  hydrogen  were  evolved, 


befIkino  of  sulphides.  43 

showing  the  presence  of  calcium  carbonate'*'  (and  lead  sulphide). 
The  filtered  solution  was  boiled  with  potassium  chlorate,  after  which 
lead  and  a  small  amount  of  iron  were  precipitated  by  ammonia. 
From  the  filtrate  a  very  perceptible  precipitate  of  calcium  oxalate 
was  obtained.  Most  of  the  calcium  however^  remained,  with  the 
residue  as  sulphatcf 

In  roasting  these  sulphides  in  a  clay  dish  in  the  muffle  of  a 
oupelling-furnace  the  free  sulphur  was  burnt  quickly,  and  then  a 
rapid  roasting  at  a  very  low  temperature  took  place.  In  elevating 
the  temperature  as  required  for  a  dead  roast,  the  sodium  sulphate 
(during  roasting,  sodium  hyposulphite  and  chloride  are  also  con- 
verted into  sulphate)  commenced  to  fuse,  and  the  final  result  was  a 
granular  mass  of  brittle,  metallic  globules,  on  which  continued  roast- 
ing did  not  seem  to  have  much  effect.  On  treating  them  with  sul- 
phuric acid  of  15°  B.,  not  a  trace  of  silver  sulphate  was  found  in 
solution,  and  after  continued  boiling  only  a  small  quantity  of  copper 
was  extracted. 

Now,  60  grammes  of  sulphides  were  mixed  with  8  grammes  of 
cement-copper,  to  raise  the  percentage,  of  copper  to  that  of  silver, 
and  heated  in  a  small  cast-iron  crucible.  Some  sulphur  fumes 
escaped,  and  then  quick  and  complete  fusion  took  place  at  a  low  red 
heat.  The  very  liquid  matte  was  poured  out.  Not  a  particle  of 
metal  had  separated,  and  the  inside  of  the  crucible  was  not  visibly 
affected.  The  matte,  pulverized  and  sifted  through  a  No.  40  screen, 
was  roasted  at  a  temperature  just  sufficient  to  ignite  it.  It  behaved 
very  well  and  did  not  bake  in  -the  least  just  then.  But  when  the 
temperature  was  raised,  after  the  blue  flame  of  sulphur  had  disap- 
peared, the  sodium  sulphate  commenced  to  fuse,  and  the  roasting- 
dish  was  filled  with  a  mass  like  mush.  Under  still  further  increase 
of  heat,  the  charge  commenced  to  foam,  through  decomposition  of 
sulphates  and  reaction  between  oxides  and  sulphides,  and  shortly 
after  it  hardened  into  solid,  porous  crusts.  These  were  pulverized 
and  boiled  with  dilute  sulphuric  acid.     Rapid  solution  of  the  copper 

*  ConcemiDg  the  presence  of  calcium  carbonate  in  sulphides,  see  mj  paper,  "The 
Precipitation  of  Metals  from  Hyposulphite  Solutions/'  already  cited. 

t  It  is  not  astonishing  that  so  little  calcium  carbonate  should  be  found  in  and 
dissolved  from  the  unwashed  sulphides.  In  digesting  the  sulphides  with  dilute 
hydrochloric  acid,  the  sodium  sulphate  present  precipitates  most  of  the  dissolved 
calcium  as  gypsum.  In  subjecting  the  sulphides  to  steam-drying,  there  is  also 
opportunity  for  converting  calcium  carbonate  into  sulphate.  Gypsum  as  such  can- 
not be  precipitated  by  Na^  from  a  sodium  hyposulphite  solution  (as  constituted 
after  use  in  the  mill)  containing  calcium. 
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oxide  took  place^  and  from  this  solution  copper  sulphate  and  a  great 
deal  of  sodium  sulphate  crystallized.  The  metallic  residue  was  fused 
with  borax,  yielding  silvei'  .790  fine.  It  can  be  seen,  as  observed  at 
the  beginning  of  this  paper,  that  roasting  and  treatment  as  above  of 
unwashed  sulphides  is  not  practicable.  Under  such  circumstances 
the  roasting  is  not  only  very  difficult  and  incomplete,  but  the  result- 
ing silver  is  too  low  in  fineness  and  the  copper  solution  is  con- 
taminated with  sodium  sulphate. 

The  sulphides  were  now  leached  with  water,  and  the  purified 
product  was  subjected  to  the  same  treatment  as  formerly. 

Experiments  with  Sulphides  Containing  Lead  and 

Calcium. 

{Sulphides  Washed.) 

The  direct  roasting  of  washed  sulphides  proceeded  better  than 
that  above  described ;  but  when  the  temperature  was  raised  the 
charge  became  rather  sticky,  foamed  and  then  hardened.  It  con- 
tained considerable  copper  oxide;  and,  after  boiling  with  sulphuric 
acid,  the  insoluble  residue,  melted  with  borax,  yielded  a  button 
about  half  metal  and  half  matte.  The  matte  contained  35  per  cent, 
of  silver  and  the  metal  was  .897  fine. 

After  matting  and  copperizing  a  sample,  as  described  before,  I 
found  that  roasting  could  be  carried  on  without  the  slightest  diffi- 
culty, the  charge  behaving  well  from  beginning  to  end.  I  made  no 
attempt  at  Ziervogel  roasting,  which  is  rather  difficult  anyhow  with 
small  samples,  and  with  material 'containing  so  much  lead  and 
calcium.  The  temperature  was  quickly  raised  after  most  of  the  sul- 
phur had  been  oxidized.  At  the  end  the  charge  was  kept  at  a  good 
red  heat.  After  boiling  with  acid,  the  residue  yielded  a  bar  .938 
fine  in  silver.  With  slower  and  more  careful  roasting,  finer  silver 
would,  no  doubt,  have  been  produced,  although  the  presence  of  lead, 
and  calcium  sulphate  must  also  have  exerted  an  unfavorable  influence. 

Experiments  with  Sulphides  Entirely  Free  from 

Lead  and  Calcium. 

Having,  at  the  time,  no  sulphides  free  from  lead  and  calcium  at 
my  disposal,  I  produced  them  by  converting  10  grammes  of  silver 
into  chloride,  dissolving  the  latter  in  sodium  hyposulphite  solution 
and  adding  40  grammes  of  CuSO^  +  5  aq  =10  grammes  Cu.  The 
solution  was  precipitated  with  sodium  sulphide  and  the  sulphides 
were  washed,  dried  and  matted. 
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In  roasting  the  pulverized  matte  great  oare  was  taken  to  regulate  the 
temperature  so  as  to  form  a  maximum  of  silver  sulphate,  especially 
by  not  allowing  the  charge  to  get  too  hot  at  the  end  of  th^  roasting. 
This  was  accomplished  remarkably  well.  In  dissolving  the  roasted 
matte  nearly  all  the  silver  went  into  solution  and  was  precipitated 
as  cement-silver.     The  final  result  was  a  bar  .988  fine  in  silver. 

Experiments  with  Sulphides  Containing  only  Small 
Quantities  op  Lead  and  Caixiium. 

(Stdphidea  WaaJhed.) 

Finally,  I  obtained  from  the  Marsac  mill  samples  of  a  lot  of  sul- 
phides containing  only  a  trace  of  lead  and  much  less  calcium  than 
the  first  lot. 

The  contents  in  silver  were  34.6  per  cent.  (8.6  ounces  gold  per 
ton)  and  in  copper^  20.0  per  cent.  Soluble  salts,  13.2  per  cent. 
After  leaching  out  soluble  salts^  a  part  of  tliese  sulphides  was  matted 
directly  and  another  part  with  incorporation  of  cement-copper,  as 
described  for  former  experiments.  Both  samples  were  now  roasted 
with  the  intention  of  forming  as  much  Ag,  SO4  as  possible.  Only  a 
small  portion  of  the  silver,  however,  was  converted  into  sulphate. 
This  was  evidently  due  to  the  presence  of  calcium  in  the  matte. 

The  sample  to  which  copper  had  not  been  added -was  rather  diffi- 
cnlt  to  roast,  requiring  constant  stirring  and  showing  a  tendency  to 
sinter,  while  the  copperized  matte  behaved  very  well,  as  described  in 
previous  experiments.  The  addition  of  copper  is  of  decided  advan- 
tage in  facilitating  the  roasting,  and,  in  consequence,  raising  the  fine- 
ness of  the  silver  after  solution  of  the  copper.  The  matted  and 
copperized  sulphides  yielded  silver  .990  fine,  while  the  sulphides 
matted  without  addition  of  copper  yielded  silver  only  .938  fine. 

The  roasting  in  all  these  experiments  was  done  in  the  muifie  of  a 
capelling-furnace  which  held  clay-dishes  of  only  3^  inches  diameter. 
In  consequence,  the  roasting  of  such  small  masses  proceeded  too 
rapidly,  which  was  detrimental  to  the  formation  of  silver  sulphate,  and 
favored  the  separation  of  metallic  silver  alloyed  with  more  or  less 
copper.  There  is  no  doubt  that  finer  silver  will  result  after  careful 
roasting  on  a  large  scale.  Sintered  lumps,  containing  unroasted  matte, 
should,  of  course,  be  separated  by  screening,  and,  after  pulverizing, 
should  be  re-roasted  with  the  next  charge.  The  presence  of  small 
quantities  of  lead  and  calcium  is  evidently  not  injurious,  although 
it  interferes  with  a  good  Ziervpgel  roasting. 
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This  paper  would  have  possessed  more  value  and  interest  if  the 
experiments  had  been  followed  by  analysis  of  the  materials  and  all 
the  products.  To  do  this  I  had  neither  the  facilities  nor  the  time; 
besides,  such  work  is  done  more  profitably  at  the  mill,  for  reasons 
that  require  no  explanation.  I  hope  the  muscular  lixi viators  will 
wake  up  to  the  fact  that  their  work  cannot  prosper  without  analyti- 
cal help.  The  present  condition  of  af&irs  is  disgraceful,  as  has  been 
more  fully  shown  in  my  paper  on  "  Precipitation  of  Metals."  (Page 
16  of  this  volume.) 

I  refrain  from  giving  estimates  of  the  profit  and  loss  in  refining 
sulphides  by  the  process  described  above,  hoping  to  do  this  at  some 
future  time,  after  its  introduction  in  practice. 


QEOLOQICAL  NOTES  ON  THE  MANGANESE  ORE-DEPOSIT 

OF  CBIMORA,  VIBQINIA, 

BY  CHARLES  £.  HALL,  CHICAOO,  ILL. 
(Cleyeland  Meeting,  June,  1891.) 

The  Crimora  mine,  operated  by  the  American  Manganese  Com- 
pany, Limited,  is  located  2\  miles  east  of  Crimora  station,  on  the 
Shenandoah  Valley  railroad,  in  Augusta  county,  Virginia.  It  is 
situated  in  a  basin  at  the  western  base  of  the  range  of  mountains 
which  flanks  the  Shenandoah  Valley  on  the  east.  This  range  is 
composed  of  the  Potsdam  sandstone  (No.  I.  of  the  Pennsylvania  sur- 
vey), and  extends  in  a  northeasterly-southwesterly  direction  the 
entire  length  of  the  valley.  The  general  dip  of  the  measures  is  west- 
ward. The  massive  sandstone  of  the  mountain  is  geologically  over- 
laid with  shales  or  slates,  which  belong  to  the  Potsdam,  or  lie  between 
it  and  the  Lower  Silurian  limestone.  Throughout  this  region  these 
shales  are  decomposed,  and  form  more  or  less  extensive  clay  deposits, 
which  are  found  along  the  base  of  the  range  and  often  underlie  a 
considerable  area  to  the  westward  of  the  abrupt  slope  of  the  range. 
Sand  and  fragments  of  quartzite  occur  in  considerable  quantities  on 
the  surface,  and  often  conceal  the  true  character  of  the  underlying 
formation. 

The  area  containing  this  ore-deposit  extends  northeast  and  south- 
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Treat,  and  is  Banked  od  the  east  by  the  main  range  and  on  the  west 
by  a  sharp  anticlinal  flexure  of  the  sandstone,  which,  to  the  north  of 
the  ore-deposit,  forms  a  prominent  spur  of  the  range.  Figs.  1  and  2 
will  illustrate  the  statements  given  in  this  paper. 

Fig.  1  is  a  grouDd-plaD  of  the  immediate  vicinity  of  the  mine. 
The  line  AA  ia  the  general  liae  of  axis  of  the  monoclinal  of  the 
Potsdam  sandstone,  with  westward  dip.  BB  indicates  the  syoolinal 
axis,  which  sinks  rapidly  to  the  southward.  CC  is  the  line  of  the 
anticlinal  of  the  Potsdam.     Xear  the  centre  of  the  figure  is  indicated 
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FUn  oT  Ibe  Vicinity  of  tha  Crimen  Manganese  Ore-deposit 

a  brook  flowing  from  the  monocliual  ridges  of  the  Potsdam  on  the 
east  and  crossing  the  synclinal  basin  and  also  the  anticlinal  fold  C!C 
to  the  westward.  W  indicates  the  location  of  the  ore-washer.  The 
sections,  Nos.  1,  2,  3  and  4,  Fig.  2,  are  taken  oa  lines  indicated  by 
the  respective  numbers  in  Fig.  1. 

It  will  be  seen  from  Fig.  1,  that  east  of  the  mine  there  is  a  large 
area  drained  through  the  brook  which  crosses  the  ore-basin.  This 
drainage-area  is  principally  within  the  Potsdam  sandstone-belt.    The 
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brook  leaves  tbe  synclioal  (ore-bearing)  basin  at  the  point  wbere  the 
Potsdam  anticliDa)  fold,  indicated  in  tbe  sections  by  C,  sinks  below 
the  snrface.  It  will  be  seen  from  the  sections,  Fig.  2,  that  the  axis 
C,  as  well  as  B,  rapidly  sinks  to  the  northward. 

Tbe  clay  resuldng  from  the  decomposition  of  the  shales  has  been 
preserved  within  this  sharp  synclinal.  Id  section  1  scarcely  any  clay 
appears,  while  between  sections  3  and  4  more  than  300  feet  of  clay 
has  been  penetrated  in  boring  for  ore.  The  shaded  portion  of  Fig. 
1  indicates  the' ore-area,  which  extends  irr^ularly  northeast  and 
southwest  with  the  axis  of  the  basin.  The  distance  across  the  basiD 
is  one-fourth  of  a  mile.  The  drainage-area  of  tbe  brook,  west  of  the 
basin,  is  fully  10  square  miles. 

Tbe  fold  C,  section  3,  forms  a  complete  dam,  back   of  which  the 
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SECTION   NO.  i 


Sections  through  Crimorft  Ore-btuin  (e«e  Fig.  1). 

seepage-water  is  held  until  it  can  slowly  work  its  way  through  the 
sandstone  of  C,  or  southward  and  past  the  end  of  the  sinking  anti- 
clinal axis. 

Black  oxide  of  manganese  occurs  in  the  Potsdam  sandstones  of 
this  r^ion  in  greater  or  less  amount.  It  is  of^n  noticeable  as  a 
black  stain  on  the  rocks,  or  as  minute  specks  or  particles  throughout 
the  mass.  No  workable  bodies  of  this  ore  have  been  found  within 
the  Potsdam  sandstone,  so  far  as  I  am  aware. 

There  are  no  limestones  west  of,  or  in  proximity  to,  the  manganese 
ore-deposits  of  Crimora  which  could  give  origin  to  the  ore;  and  I 
am  therefore  forced  to  tbe  conclusion  that  the  ore  in  this  case  origi- 
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nates  from  the  Potsdam  sandstone,  where  it  exists  disseminated 
throughout  the  rocks.  The  water  draining  from  the  mountain  area 
east  of  the  clay-basin  carries  the  mineral  with  it  in  minute  quanti- 
ties, and  redeposits  it  in  the  clay  which  fills  the  basin  B.  This 
argument  is  favored  by  the  fact  that  the  largest  and  best  deposits  of 
ore  have  been  discovered  directly  beneath  the  course  of  the  brook 
and  immediately  upon  its  entrance  to  the  clay-area. 

The  ore  is  found  in  irregular  bodies  in  various  parts  of  the  clay 
mass,  and  I  am  unable  now  to  say  what  are  the  most  favorable  con- 
ditions for  its  deposition.  Clay  seems  to  be  essential  to  its  formation 
or  re-deposition.  It  is  seldom  found  in  sandy  ground,  and  when  it  is 
thus  found,  one  is  led  to  the  belief  that  clay  originally  formed  part  of 
the  mass,  and  has  been  subsequently  washed  out.  A  piece  of  sandstone 
imbedded  in  clay  will  sometimes  become  so  much  impregnated  with 
the  black  oxide  of  manganese  as  to  be  in  fact  a  siliceous  manganese- 
ore.  To  my  mind  it  appears  that  the  water,  laden  with  its  particles 
of  manganese  minerals,  becomes  retarded  upon  reaching  the  clay  mass, 
and  a  separation  takes  place  more  or  less  rapidly.  The  rate  at  which 
this  separation  or  re-deposit  takes  place  is  difficult  to  estimate,  but  it 
is  undoubtedly  going  on  at  the  present  time.  Where  the  water  is 
kept  artificially  drained  from  the  mines,  we  cannot  look  for  the  nat- 
ural conditions  to  exist;  but  if  the  natural  conditions  are  permitted 
to  return,  the  formation  of  the  ore  will  continue. 

There  appears  to  be  no  ratio  between  the  percentages  of  phospho- 
rus and  iron  in  manganese-ore.  In  cases  where  the  iron  percentage 
is  low,  the  phosphorus  may  be  high,  and  vice-versa.  I  will  therefore 
not  attempt  to  enter  into  any  genetical  explanation.  Nor  am  I  pre- 
pared to  generalize  on  the  subject  of  manganiferous  ore-deposits.  The 
facts  which  I  have  here  endeavored  to  explain  apply  to  the  deposit 
in  question,  and  may  not  be  applicable  to  any  other.  Similar  con- 
ditions, however,  may  exist  in  other  sections ;  and  it  would  be  advis- 
able for  those  interested  in  prospecting  for  manganese-ore  to  bear  in 
mind  the  geological  features  which  I  have  found  here. 
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THE  ALLUVIAL  TIN-DEPOSITS  OF  SIAK,  SUMATRA 

BY  CHARLES  H.  ROLKER,  E.M.,  NEW  YORK  CITY, 
(Cleveland  Meeting,  June,  1801.) 

The  main  tin-producing  regions  of  the  world  are  known  to  be 
England^  Australia  and  the  Dutch  East  Indian  possessions,  chiefly 
Banca  and  Billiton.  During  recent  years,  the  tin  of  the  Malay 
Peninsula,  exported  from  Penang  and  Singapore,  has  been  coming 
prominently  to  the  front.  France,  Austria,  Hungary,  Germany, 
Spain,  South  America,  Russia  and  China  still  present  insignificant 
figures. 

The  conspicuous  part  which  the  Dutch  possessions  in  the  Indian 
Archipelago  have  taken  in  supplying  the  world  with  tin,  is  well 
known.  Tin  was  discovered  in  Banca  as  early  as  1710,  and  has 
been  produced  there  ever  since;  but  the  supply  has  been  most 
important  since  Banca  came  fully  into  the  possession  of  Holland, 
in  1821. 

In  Billiton  and  the  adjoining  island  of  Singkep,  the  existence 
of  tin  was  known  prior  to  1822.*  The  Lingganese  knew  of  its 
existence  in  the  valley  of  Embalong,  from  creeks  and  streams  in 
the  neighborhood  of  Tima  and  Simper  hills,  on  Billiton  and  also 
on  Singkep  island,  but  the  prevailing  superstition  that  tin-mining 
brought  misfortune,  influenced  them  to  let  this  industry  lie  idle. 
The  attempts  of  the  Dutch  government  to  test  this  question  were 
lukewarm,  perhaps  by  reason  of  the  fear  of  reducing,  through  new 
discoveries,  the  price  of  Banca  tin,  and  the  island  was  abandoned  in 
1826,  leaving  only  a  military  post. 

In  1850,  Dr.  Crookewit,  a  chemist  and  naturalist,  was  sent  out  to 
verify  the  rumors  that  tin  existed  in  Billiton.  His  report  was 
unfavorable;  but  in  1851  Mr.  C.  De  Groot,  a  mining  engineer, 
found  tin  readily,  and  the  active  work  on  Billiton  dates  from  that 
time.  Less  than  500  tons  were  produced  during  the  first  ten  years, 
and  3000  tons  in  the  next  decade.     Billiton  tin-mining  is  done  by 

-  -  -    -       -  • 

*  Dr.  Th.  Posewitz,  Pttermann^i  Geographiiche  MiUheilungenf  1887,  p.  108. 


THE  ALLUVIAL  TIlSr-DEPOSITS  OP  8IAK,  SUMATRA.  51 

private  parties,  while  70  per  cent,  of  the  mines  of  Banca  are  con- 
trolled by  the  Dutch  government;  formerly  the  government  controlled 
all  the  Banca  mines. 

The  Banca  metal  is  shipped  to  the  island  of  Java,  and  exported 
from  the  port  of  Batavia  to  Holland.  It  figures  in  the  markets  as 
tin  exported  from  Batavia. 

In  the  Malay  Peninsula  the  Chinese  are  known  to  have  worked 
tin-diggings  as  early  as  1793.  Since  then  the  development  has  been 
gradual,  until  a  comparatively  recent  date.  In  1866  the  exports  of 
tin  metal  (white  metal)  amounted  to  5692  tons;  in  1874  the  total 
was  13,566  tons;  in  1883  it  was  17,195,  ^nd  rose  to  28,492  tons  in 
1889,  an  increase  of  65  per  cent.  This  shows  the  extensive  devel- 
opment of  tin-mining  in  these  parts  of  the  world.  The  energy 
displayed  is  great,  in  view  of  the  natural  conditions  of  the  country, 
and  the  disadvantages  under  which  work  is  prosecuted. 

New  tin-fields  will  unquestionably  be  found  in  the  Peninsula,  as 
well  as  within  that  belt  of  countries  or  islands  which  lies  between 
Australia  on  the  south  and  the  Malay  Peninsula  on  the  north — known 
as  the  Sunda,  and  their  adjacent  islands — but  so  far  no  considerable 
production  can  be  traced  from  any  of  the  latter  districts  outside  of 
Bauca  and  Billiton.  Prospecting  and  developing  the  islands  referred 
to  will  be  slow  and  difficult,  because  of  their  dense  tropical  vegetation, 
unfavorable  climate  for  labor,  and  a  lack  of  facilities  for  such  enter- 
prises. 

The  tin-deposits  of  Banca  and  Billiton — ^the  types  of  the  Indian 
Archipelago— are  mainly  alluvial,  although  some  lodes,  supposed  to 
be  of  recent  origin,  have  been  worked. 

According  to  Davies  the  bed-rock  of  the  country  is  granite, 
metamorphosed  slates,  quartzites  and  sandstones.  A  cross-section 
through  the  Banca  deposits  would  show,  following  from  bed-rock 
upwards,  an  average  of  3  feet  of  tin-ore  overlaid  with  coarse  sand, 
followed  by  clay  (red,  white  and  black),  then  coarse  sand,  with 
pockets  of  clay  and  layers  of  fine  sand  carrying  a  little  tin-ore ;  then 
humus.  The  average  overburden  is  26  to  35  feet  thick.  Similar 
conditions  are  said  to  exist  on  the  Singkep,  Carimon  and  other  islands, 
where,  so  fiir,  only  desultory  prospecting  has  been  done,  without 
financial  success,  or  where  companies  have  only  lately  been  organized 
for  work.  I  learn  that  tin  has  been  found  as  far  east  as  the  island 
of  Floris  in  the  Floris  Sea. 

The  tin  of  Banca  and  Billiton  has  been  traced  to  its  original 
sources  in  the  granite  and  gneiss ;  it  is  also  found  cutting  through  the 
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supposed  overlying  quartz-schist,  clay-slates  and  clayey  sandstones, 
but,  so  far  as  I  can  learn,  very  little  lode-mining  has  been  profitably 
done. 

In  the  Malay  Peninsula  tin-lodes  have  been  found,  in  addition  to 
alluvial  tin,  and  preparations  are  in  progress  to  test  their  value. 

The  system  of  working  the  tin-alluvions  throughout  these  dis- 
tricts, is  what  is  known  as  the  "  Chinese  system,''  of  which  I  shall 
say  more  later  on. 

The  attention  of  capital  was  lately  directed  to  a  tin-field  on  the 
Island  of  Sumatra  and  within  the  district  of  Siak.  It  lies  inside 
of  a  large  tract  of  land,  estimated  by  the  promoters  to  contain  400,- 
000  to  500,000  acres,  conceded  by  the  Sultan  of  Siak,  Iri  Indra- 
poera,  in  1887,  to  Dutch  parties, '' for  the  extraction  of  tin  and  other 
minerals  which  appear  in  that  part  of  the  dominions."  I  quote  the 
official  limits  of  this  concession  to  define  the  geographical  position 
of  what  is  considered  the  tin-belt  of  East  Sumatra.  The  ground 
conceded  by  the  Sultan  is  bounded  ^'  on  the  north  by  the  part  of 
an  imaginary  line  running  from  Loeboehbandahara,  on  the  Rohkan 
river,  as  far  as  Tandjong  Maris  to  the  Tapong  Kanau  river  (in  Siak) 
and  further  by  the  Tapong  Kanau  river ;  on  the  east  by  an  imag- 
inary straight  line  drawn  from  the  southern  boundary  of  Siak, 
straight  from  south  to  north,  and  running  through  Batoe  Gadja,  as 
far  as  the  Tapong  Kanau ;  on  the  south  by  the  independent  states 
to  Kampang  Kanau  and  the  Podang  Highlands;  and  on  the  .west 
by  the  Rohkan  States."  These  are  the  official  boundaries  of  the 
tin-fields,  based  on  the  knowledge  of  the  government.  Since  all 
inhabitants  working  the  tin-deposits  are  obliged  to  pay  a  tax  to 
the  Sultan  on  the  tin  produced,  it  is  to  be  assumed  that  the  govern- 
ment had  a  guide  in  thus  delineating  the  confines  of  the  prospec- 
tive tin-fields,  in  addition  to  its  knowledge  of  the  work  of  an 
exploring  party  in  1881. 

Sumatra  is  divided  longitudinally,  by  volcanic  ranges,  into  the 
east  and  west  coast-country.  The  west  coast  is  a  narrow  strip  of 
land,  20  to  30  miles  wide,  underlaid,  according  to  Dutch  geologists, 
with  granite;  in  places  it  is  covered  with  alluvium  and  coral  for- 
mation, sandstones,  slates,  and  volcanic  rocks.  Marble  and  coal  are 
found  near  Podang,  and  the  precious  metals  are  mined  in  other 
parts.  Several  railroads  extend  from  the  coast  to  the  foot  of  the 
mountains  above  mentioned.  East  Sumatra  is  a  generally  low  and 
slightly  undulating  country,  of  the  geology  of  which  little  is  known. 
Marshy  districts  abound,  in  consequence  of  the    extensive  flood- 


THE   ALLUVIAL  TIN-DEPOSITS  OP  8IAK,  SUMATRA^ 


53 


plains  of  the  large  rivers.  The  rivers  rise  in  the  divisional  range 
and  flow  in  a  tortuous  course  to  tide- water ;  but  as  they  approach  it,  the 
big  streams  grow  sluggish  and  form  more  or  less  distinct  deltas.  The 
main  rivers,  taken  in  order  from  north  to  south,  are  the  Bohkan,  the 
Siak,  the  Kampar,  the  Indragiri,  the  Janibi,  and  the  Pelambang. 
The  last  is  said  to  be  navigable  for  more  than  200  miles  for  large 
vessels.     Each  river-system  has  numerous  tributaries. 

The  climate  of  East  Sumatra  is  warm  and  moist.  Rains  abound 
from  Octol)er  to  March  ;  the  remainder  of  the  year  is  considerably 
dryer.  Although  spoken  of  as  "  the  dry  season,"  it  is  far  from  arid. 
Thus  at  Kotta  Kanah,  lying  inland  in  the  Siak  district,  there  were 
from  the  16th  of  last  June  to  the  1st  of  July  three  rainy  days,*  on 
which  the  rainfall  amounted  to  71  mm.;  duriug  July  it  rained  on 
17  different  days,  the  total  rainfall  amounting  to  289  mm.;  in 
August  rain  fell  on  21  days  to  the  amount  of  282  mm.,  and  during 
the  first  seven  days  of  September  rain  fell  on  six  days  to  the  amount 
of  98  mm.  That  is  to  say,  out  of  a  total  of  84  days  in  the  height 
of  the  "dry  season  "  it  rained  on  47  days,  a  total  of  740  mm.,  or  an 
average  of  15.4  mm.  for  each  rainy  day.  The  rainfall  at  Hilver- 
sum  and  Merboenkahl,  Siak,  was,  according  to  the  Naiuurkundige 
Tijdachinft,  as  follows: 
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That  ia,  on  an  average  it  rained  nearly  every  other  day,  with  an 
average  rainfall  of  over  18  mm.  per  day's  rain.  This  is  a  better 
showing  than  that  of  Kotta  Ranah,  farther  inland,  as  given  above ; 
but  the  average  would  be  greater  if  January  and  February  had  been 
recorded  in  1888. 

As  a  result  of  rains  and  the  level  character  of  the  wide  eastern 
country,  flooding  of  the  districts  traversed  by  the  main  streams  and 
their  tributaries  is  a  frequent  occurrence,  and  marshy  land  abounds. 
This  is  especially  the  case  along  the  Siak  river  and  south  of  it. 

The  tin-fields  of  Sumatra  are  approached  by  steamers  of  12  feet 
draught,  running  from  Singapore,  across  the  straits  of  Malacca  to 
Brewer  Straits,  up  the  Siak  river  to  Benkalis,  thence  south  to  Siak 
and  east  to  Packanbaroe.  The  distance  up  the  river  to  Packan- 
baroe  is,  according  to  the  captain  of  one  of  the  steamers,  120  miles. 
Beyond  Packenbaroe  the  Siak  river  becomes  very  sinuous,  is  ob- 
structed by  fallen  trees  and  logs,  and,  still  further  up,  grows  shallow. 
In  consequence,  all  travelling  from  Packanbaroe  up-stream  is  done 
in  bhncongSy  or  partially  covered  canoes  of  a  similar  type  to  that 
useil  on  some  streams  of  South  America  (Magdalena  river,  etc.). 
The  bloncongs  are  propelled  by  poling  or  rowing,  as  the  case  may 
require. 

From  Packanbaroe  the  Siak  winds  in  an  easterly  direction  to 
Getti,  which  lies  about  20  miles  along  the  river  beyond  Batoe 
Gadja,  the  place  mentioned  in  the  description  of  the  boundary  of 
the  concession,  as  the  one  through  which  the  north  and  south  line 
runs. 

There  may  be  counted  176  curves  or  bends  of  the  stream  between 
K walla  and  Batoe  Gradja.  K walla,  at  the  junction  of  the  Tapong 
Kanau  (right  arm)  and  Tapong  Kiri  (left  arm)  forming  the  Siak 
river,  lies  about  20  to  22  miles  upstream  from  Packanbaroe.  This 
gives  more  than  two  curves  for  every  mile  along  the  river.  Many 
of  these  bends  are  rectangular  turns  and  quite  a  number  of  loops 
and  return-loops  are  met,  which  make  navigation  impossible  for 
any  but  small  eraft. 

The  cost  of  transportation — part  by  steamboat,  part  by  canoe,  en- 
tailing the  breaking  of  bulk,  the  use  of  storehouses,  etc. — is  natur- 
ally a  heavy  charge  against  any  enterprise  commenced  in  this  dis- 
trict. Whoever  is  acquainted  with  tropical  streams,  subject  to  floods 
and  incidental  dangers  from  drift-timbers,  etc.,  will  view  the  making 
of  this  river  navigable,  as  a  difficult  and  costly  undertaking,  espe- 
.cially  if  it  is  considered  that  the  waters  of  the  stream  (more  than  100 
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feet  wide)  rose  at  Batoe  Qtidja,  in  the  "  dry  season  " — between  July 
18th  and  September  13,  1890 — more  than  18  feet;  yet  this  was  an 
ordinary  season.  The  sabstitntion  of  land-transportation,  for  the 
natural  waterways,  would  encounter  special  difficulties,  arising  from 
the  marshy  condition  of  that  part  of  East  Sumatra. 

Any  enterprise  undertaken  near  the  interior  of  Sumatra,  is  for  the 
present  confronted  with  inherent  obstacles  and  disadvantages,  involv- 
ing heavy  initial  costs  which  can  be  offset  only  by  extraordinary 
richness  of  the  natural  resources  to  be  developed. 

The  present  center  of  operation  in  this  tin-field  is  Kotta  Banah, 
lying  about  200  feet  above  the  sea  in  longitude  100^  43'  East,  lati- 
tude 0^  26'  North,  and  connected,  by  a  trail  not  more  than  15  miles 
long,  with  the  Siak  river-station  Getti.  Over  this  trail  all  freight  is 
carried  on  the  backs  of  the  native  Malays.  The  trail  is  bad.  Prob- 
ably one-third  of  it  passes  through  marshes  and  swamps,  over  fallen 
trees  and  logs,  where  leeches,  the  pest  of  these  r^ions,  abound.  The 
second  third  passes  over  low  flat  lands,  and  the  remainder  over  roll- 
ing hills.  Transportation  over  this  distance  cost  formerly  $1,  Mexi- 
can money,^  per  load  of  40  pounds ;  it  has  now  been  reduced  to  66 
cents  per  load.  jB/onoon^-hire  from  Packanbaroe  to  Gretti,  for  shipment 
of  supplies,  costs  $30  to  $35  per  bloncong  for  the  round  trip ;  but  if 
steadily  employed,  bloncongs  can  be  rented  for  $65,  Mexican  money, 
per  month.  Communication  is  naturally  slow.  The  average  time 
occupied  by  a  bloncong  in  a  round  trip,  from  the  steamer-discharge 
pier  in  Packanbaroe  to  Gretti  and  Kotta  Ranah  and  back,  is  15  days. 
Temporary  heavy  floods  or  very  low  water  may  increase  the  time 
required ;  as  much  as  22  days  have  l>een  consumed  in  the  trip. 

I  have  emphasized  the  drawbacks  and  inaccessibility  of  this  region, 
in  order  to  contrast  it  with  the  naturally  advantageous  situation  of 
Banca,  Billiton  and  other  tin-producing  competitors. 

Kotta  Ranab  lies  about  6  miles  northeast  of  Bukit  Sih'gi,  the 
three  high  peaks  in  the  most  easterly  chain  of  the  divisional  ranges. 
The  axis  of  this  range  runs  northwest,  and  southeast,  and  mountain 
spurs  extend  from  it,  to  the  northeast  out  into  the  lowlands.  These 
spurs  form  local  water-sheds  to  the  tributaries  and  sub-tributaries  of 
the  Siak  and  other  rivers.  Kotta  Ranah  is  a  native  hamlet  {Kam-- 
pwig)  situated  on  the  stream  {Sung!)  of  Lau.  The  Sungi  Lau  unites 
beyond  Kampong  Kebon  with  the  Pelambayan,  forming  the  Ta- 
lanca,  a  tributary  to  the  Tapong  Kiri  (the  left  arm  of  the  Siak  river). 

*  The  peto  or  Mexican  dollar  is  current  in  Sumatra  and  Singapore  as  the  trade- 
dollar  of  the  country. 
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I  may  here  note  that  the  Malay  names  the  banks  of  a  river  as  he 
&oes  them  in  going  ap-stream,  and  calls  that  the  left  bank  or  left 
arm  which  we  would  call  the  right. 

The  nearest  Kampong  to  Kotta  Ranah  is  Bambei,  on  the  Sungi 
Kambei.  It  lies  about  two  miles,  in  an  air-line,  northwest  from 
Kotta  Ranah.  The  two  ^amlets  are  separated  by  the  foot-hills  of  a 
narrow  side-spur^  divide  or  rib,  which  forces  the  Rambei  stream 
northeasterly  to  its  junction  with  the  Gtetti  river.  The  latter  has  its 
confluence  with  the  Tapong  Kiri  (left  arm  of  Siak  river)  at  or  about 
the  settlement  of  Getti. 

The  Rambei  and  Lau  are  two  distinct  stream-83rstens,  but  both 
are  sub-tributaries  to  the  Tapong  Kiri.  The  two  systems  traverse  a 
considerable  area,  when  it  is  considered  that  the  streams  extend  yet 
for  miles  beyond  Kotta  Ranah  and  Rambei,  and  that  the  distance 
from  Kotta  Ranah  to  Batoe  Gadja,  via  Kebon  and  Pelambayan,  is 
nearly  19  miles  by  measurement;  from  Kotta  Ranah  to  Getti,  esti- 
mated, say  14  miles,  while  Getti  and  Batoe  Gradja  are  probably  only 
10  to  12  miles  apart  in  a  straight  line. 

Any  kind  of  material  entering  the  creeks  or  by-creeks  of  these 
streams,  is  likely  to  be  carried  through  the  territory  and  eventually 
into  Siak  river. 

I  may  appear  to  be  entering  into  tedious  detail  in  this  matter ;  but 
the  water-courses  of  a  country  are  the  agents  of  the  distribution  of 
tin-ore,  which  may  there  be  found  widely  distributed  as  stream-tin, 
far  from  its  source.  Moreover,  this  country  has  been  visited  by  few 
white  men  ;  it  is  to  a  large  extent  unsurveyed,  and  it  is  incorrectly 
represented  on  existing  maps  The  record  of  my  own  observations 
may  therefore  be  valuable  to  future  travellers. 

I  have  indicated  the  relative  position  of  Rambei  and  Kotta  Ranah 
in  Figs.  1  and  2,  made  from  data  personally  obtained,  in  a  rough 
compass-reconnaissance.  Fig.  2  is  the  southeast  continuation  of 
Fig.  1,  but  has  been  engraved  for  clearness  upon  a  scale  twice  as 
large. 

The  Lau-Rambei  system  of  streams  with  its  tributary  creeks, 
forms  the  basis  for  the  tin-operations  of  the  concession  above  de- 
scribed. 

Though  I  traced  the  waters  of  the  two  main  streams  further  than 
the  sketch  shows,  I  have  limited  the  representation  to  the  actual 
compass-reconnaisance. 

A  careful  examination  of  the  only  natural  exposures  of  rock, 
namely,  those  occurring  in  the  water-channels^  and  local  tests  made 
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Fig.  1. 


SKETCH  MAP 
Of 


TBE  RIVERS  LAU  AND  RAMBEI 

WITH  THEIR  THIBUTARICS. 
Biak,  Snxnatra. 
Soal«  aoOO  Ft.  to  the  lack. 


H,  H,  hills.  Rook-exposures  are  shaded  and  marked:  r.s.,  red  sandstone;  y^,, 
jellow  sandstone;  fiM.,  micaceous  sandstone;  8.8^  siliceous  sandstone;  9.,  quartzite. 
W,W,  points  where  ground  was  tested  by  washing  for  tin-ore;  «.,  traces  of  tin-ore; 
n,f  no  tin-ore. 
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by  borings  and  pits,  leads  me  to  conclude  that  the  tract  under  consid- 
eration is  everywhere  underlaid  with  impure  sandstones  and  quart- 
zites.  The  partially  decomposed  red  and  yellow  sandstones  near 
Kampong  Kotta  Ranah  become  reddish-gray  and  grow  micaceous 
and  siliceous,  as  they  are  traced  in  the  direction  of  the  bead-waters 
of  the  Sungi  I^au,  towards  Bukit  Siligi.  In  the  lowlands  of  Kotta 
Ranah,  the  dip  is  generally  very  slight  to  the  southeast.  As  the 
hills  are  entered  the  dip  increases,  and  locally,  along  the  upper  Lau 
(first  cascades),  the  sandstones  are  tilted  vertically,  though  flatten- 
ing again  beyond.  ^ 

This  hard,  fine-grained,  gray  Cascade  sandstone  consists,  accord- 
ing to  misoroscopic  examination,  of  rolled  grains  of  quartz,  with 
abundant  amphibole  and  biotite,  scales  of  white  hydro-mica,  par- 
ticles of  kaolinized  feldspar  and  iron  ocher. 

The  head-waters  of  the  Sungi  Blevon  (Rambei  district)  come,  to 
judge  by  appearances  and  their  mode  of  occurrence,  from  a  fine- 
grained reddish  or  greenish  quartzite.  . 

Near  and  west  of  the  headwaters  of  the  Sungi  Batang  (Kotta  Ranah 
district),  and  for  1600  to  1700  feet  along  its  banks  in  the  ravine, 
boulders,  blocks  and  pieces  of  a  black  compact  quartzite,  somewhat 
resembling  the  whinstone  of  Cornwall,  were  found,  indicating  its 
occurrence  in  situ  on  the  adjacent  hill. 

The  two  quartzites  differ  in  appearance,  but  under  the  microscope 
they  seem  to  show  similar  origin  and  constituents.  In  fact,  the 
transitions  to  the  siliceous  and  micaceous  sandstone,  so  well  marked 
to  the  eye,  nearly  disappear  under  the  microscope.  Even  the  ordi- 
nary red,  yellow  and  yellowish-green  impure  sandstones  show  similar 
constituents,  only  in  differing  proportions  and  varying  stages  of  de- 
composition. As  a  check  to  my  own  microscopic  examinations  of 
finely  pulverized  rock-samples,  I  submitted  different  characteristic 
samples  to  Dr.  A.  Julien,  of  the  Columbia  School  of  Mines,  for 
thin-section  examination.  What  I  term  quartzites  Dr.  Julien  calls 
'' sandstones,  quartzitic  in  hardness  and  compactness,"  otherwise 
we  agree.     All  the  rocks  are  unquestionably  of  sedimentary  origin. 

The  quartzite  of  Sungi  Blevon  is  composed  of  rolled  grains  of 
quartz,  with  an  abundance  of  amphibole,  a  little  biotite  and  menao- 
canite. 

The  quartzite  of  Sungi  Batang  has  the  same  constituents,  only 
amphibole  occurs  in  very  small  proportions,  and  a  small  quantity  of 
py rite  is  present. 

The  yellow  and  red  sandstone  represents  results  of  decomposition. 
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Fig.  2. 


PART  OF 

THE  RIVER  iJrAU 

WITH  ITS  TRIBUTARtCS. 

8lBk,  Bni&fttm. 
8«ikl«Mn.totlMliich. 


For  explanation  of  tnarkB,  see  Fig.  1 ;  also,  G,  ezpoeure  of  granite ;  B»  B,  bore- 
holes.   Bore-holes  B  1  and  2  are  in  the  kultt,  or  main  working. 
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The  more  or  less  rounded  grains  of  quartz^  which  predominate,  are 
cemented  by  iron  ocher,  in  association  with  a  fine  mixture  of  decom- 
posed scales  of  hydro-mica  and  particles  of  biotite,  amphibole^  feld- 
spar and  menaccanite. 

Besides  the  sedimentary  rocks  mentioned,  there  is  a  place  near  the 
red  sandstone  exposure,  east  of  Kampong  Kotta  Ranah,  where  granite 
has  been  laid  bare  by  the  last  right-hand  tributary  of  the  Sungi 
Kalomboi,  for  a  distance  of  60  to  75  feet. 

This  granite  shows,  in  a  quartzose  and  albitic  matrix,  white  mua- 
covite  and  black  tourmaline.  Within  the  area  exposed  is  a  lode 
about  6  feet  wide,  of  a  very  fine-grained  granite,  contrasting  with 
the  coarse  inclosing  granite,  from  which  it  is  separated  in  addition 
by  a  smooth  plane.  It  appears  like  a  product  of  s^r^ation.  The 
composition  of  the  two  granites  seems  similar,  but  the  proportion  of 
quartz  is  larger  in  the  lode.  Bedding-planes  are  observed,  suggest- 
ing what  Dr.  Hunt  calls  an  indigenous  granite. 

The  Kalomboi  streams  show  more  or  Ipss  abundant  traces  of  this 
rock  up  to  the  next  tributary  on  the  right,  suggesting  a  similar  expo- 
sure in  the  next  ravine.  No  tin  could  be  found  in  this  granite. 
South  of  this  and  along  the  west  banks  of  the  Kalomboi,  the  yellow 
sandstones  are  observable. 

Fragments  of  a  similar  granite  were  found  in  the  Blevon  and 
Katjang  creek-beds,  which  would  indicate  that  a  granite  exists  north 
of  the  Lau-Rambei  divide,  though  diligent  search  failed  to  find  it 
in  place. 

The  density  of  vegetation  makes  prospecting  difficult.  Almost 
every  line  explored  has  to  be  previously  cleared  by  bush-men.  In 
view  also  of  the  limited  time  at  the  disposal  of  a  transient  ex- 
plorer, the  interruptions  and  delays  caused  by  frequent  drenching 
from  tropical  rains,  and  the  dissuasion  from  too  much  minute  ex- 
amination of  the  jungle  furnished  by  occasional  tiger-tracks,  it 
will  be  clear  that  a  thorough  study  of  the  geology  of  the  region 
was  not  practicable  for  me.  Such  a  study  will  require  long  and 
systematic  work.     Few  companies  have  money  to  spare  for  that. 

Briefly  summarized,  the  red  sandstones  crop  out  southeast  of  the 
Sungi  Pingir  and  Lau  confluence,  and  again  west  of  Kampong 
Bambei,  toward  the  Bleoon-Kambei  confluence,  and  south  from 
Kampong  B^mbei,  towards  Sungi  Quay.  All  sandstone  exposures 
found  (beyond  those  enumerated)  were  a  yellow  sandstone,  more  or 
less  decomposed  by  weathering,  save  along  the  upper  Lau,  where 
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the   indurated^  reddish-gray,  mioaceous    and   siliceous   sandstones 
occur. 

It  is  possible  that  the  albitic  granite  more  generally  under- 
lies the  sandstone  beds  of  this  district  than  is  proved  by  the  data 
now  at  hand.  But  it  is  certain  that  granite  does  not  come  to  the 
surface,  for  no  mica  is  found  in  the  beds  of  the  mountain  streams. 

The  country  north  of  Kotta  Banah,  towards  Getti,  is  slightly 
rolling  for  about  6  miles,  the  remaining  8  miles  being  half  low- 
lands, half  marshes  and  swamps.  The  highest  altitude,  according 
to  corrected  readings  from  a  compensated  aneroid,  is  560  feet  above 
the  sea,  and  the  lowest  hilltop  is  300  feet  high,  while  the  lowlands 
range  from  200  feet  above  the  sea-level  down  to  116  feet  (at  Getti). 
The  underlying  formation  of  this  north  country,  so  far  as  can  be 
judged  from  the  color  and  nature  of  the  soil  on  the  paths,  is  sand- 
stone. At  and  east  of  Getti  an  indurated  calcareous  clay  full  of  eypH- 
denoB  and  other  small  shells,  forms  the  shores  of  the  Tapong  Kiri. 
At  Batoe  Gadja,  about  20  feet  lower,  the  banks  and  the  bed  of  the 
river  are  indurated  fine  clay-conglomerate.  The  clay  matrix  sur- 
rounds rounded  quartz  granules,  from  the  size  of  a  pin-head  to  pea- 
size,  and  more  angular  and  partly  kaolinized  pieces  of  feldspar. 
Throughout  the  mass  occur  carbonized  vegetable  remains,  and  an 
imperfect  impression  of  a  shell  resembling  area  was  noticed.  East  of 
Petapahan,  along  the  lower  Tapong  Kiri,  sandstones  occur  of  more 
recent  formation  than  the  (probably  Tertiary)  Kotta  Ranah  series. 
Inland,  up  and  down  the  Siak  river  and  west  of  the  town  of  Siak,^ 
the  soil  is  very  clayey,  so  much  so  in  fact  that  tobacco-growing  has 
been  abandoned  on  account  of  it,  as  I  was  told  by  one  of  the  former 
tobacco-growers. 

A  comparison  of  the  foregoing  account  of  Sumatra  wit|;i  what  is 
known  of  adjacent  countries,  shows  that  similar  geological  condi- 
tions have  prevailed  in  the  Malay  Peninsula,  Karimon  Islands, 
Western  Borneo,  Singkep,  Banca,  and  Billiton,  and  as  the  search  is 
extended,  this  belt  of  a  former  geological  unity  will  unquestionably 
be  widened.  Quartzites,  quartz-conglomerates,  quartz-schists,  horn- 
blende-schists, siliceous  sandstones,  clay-slates,  with  granite  and  local 
basalts  (Karimon  Islands,  according  to  Natuurkimdig  Tijdschrift  von 
Nederlandachrlndiey  Vol.  XLIV.)  form  the  prevailing  rock-forma- 
tions. 

In  examing  the  Kotta  Ranah-Rambei  stream^ystem  and  banks 
for  alluvial  tin,  I  found  a  universally  shallow  and  similar  alluvial 
covering.     Figs.  3  and   4  present  two   typical  sections,  made  at 
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local  widenings  of  the  ravine,  one  550  feet,  and  the  other  1470  feet 
from  the  confluence  of  th%  Batang  creek  with  the  Sungi  Lau. 
They  show  the  increasing  shallowness  of  the  alluviam  found  in 
going  up  stream,  which  continues  until  the  bedrock  appears  in  the 
creek-bed,  the  ravine  contracting  in  the  meanwhile  to  a  final  width 
of  from  16  to  35  feet. 

The  covering  over  the  angular  quartz-gravel  averages  3^  to  4  feet, 
and  consists  of  about  6  inches  of  humus  and  3  to  4  feet  of  yellow 
sandy  clay.  The  underlying  angular  quartz-gravel  is  itself  divided 
into  two  separate  layers.  The  upper,  8  to  10  inches,  consists  of 
angular  fragments  of  white  quartz,  of  3  inches  maximum,  and 
1  to  1^  inch  average  diameter,  largely  intermixed  with  carbon- 
ized wood,  and  contains  occasionally  stray  pieces  of  fossil  dximar 
resin.  It  carries  very  small  amounts  of  fine  cassiterite  and  con- 
siderable magnetic  and  red  oxide  iron-sand.  In  the  lower  layer, 
which  is  separated  from  the  upper  by  a  thin,  often  only  slightly 
marked,  seam  of  gray  clay,  from  1  to  2  inches  in  thickness,  the 
nature  of  the  quartz-gravel  is  the  same  as  above ;  but  carbonized 
wood  is  absent,  the  amount  of  iron-sand  is  smaller,  and  that  of 
cassiterite  is  larger.  This  layer  is  locally  known  as  the  pay-seam. 
Small  crystals  or  crystalline  fragments  of  spinel  and  ruby,  but  no 
tourmaline,  garnets,  topaz,  or  mica,  were  noticed.  The  cassiterite 
is  to  a  large  extent  semi-crystalline,  and  crystals  are  by  no  means 
rare.  Both  the  tin-ore  and  the  quartz  show  little  average  wear 
of  comers  and  edges,  indicating  that  they  have  been  transported  but 
a  short  distance  only. 

Underlying  the  quartz-gravel  is  a  tough  gray  or  greenish-gray  clay 
of  varying  thickness,  which  gradually  passes  into  decomposed  rock  in 
place  from  3  to  4  feet  thick.  Below  this  lies  the  true  bed-rock,  an 
impure  sandstone  of  the  nature  already  described.  Fig.  6  illustrates 
the  above  description. 

The  tough  gray  clay  underlying  the  quartz-gravel  is  the  bed-rock 
for  working  purposes.  As  is  usual  in  creek- beds  and  their  adjacent 
hanks,  unevenness  in  the  bed  or  pot-holes  occur,  in  which  there  is 
generally  an  extra  accumulation  of  tin-ore.  In  figuring  the  thick- 
ness of  the  gravel  and  its  corresponding  richness  they  must  be  con- 
sidered. By  a  simple  computation  (the  tons  of  quartz-gravel 
worked  from  a  given  area  being  known)  I  ascertained  that  the 
average  thickness  of  the  pay-quartz-gravel,  including  the  pot-holes, 
18  about  6^  inches,  or  0.64  feet  in  the  Batang  creek,  with  an  aver- 
age overburden  of  4.93  feet. 
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This  creek  had  been  selected  to  begin  operations  on^  as  offering 
the  best  inducements. 

The  pay-gravel  yielded  "  black  tin  "  (averaging  70  to  72  per 
cent,  in  '*  white ''  or  metallic  tin)  at  the  rate  of  i^j^  pounds  per  ton 
of  2240  pounds  or  0.12  per  cent.  Calculated  on  the  total  amount 
of  ground  excavated^  including  the  stripping,  this  would  be  0.476 
pounds  black,  or  0.348  pounds  white  tin  per  cubic  meter  excavated. 
In  Banca,  according  to  Van  Diest,  the  same  amount  of  excavation 
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yields  2^  to  3 J  kg.  black,  or  If  to  2.03  kg.  (2.95  to  4  46  lbs.)  white 
tin. 

The  relative  proportion  of  pay-gravel  to  entire  stratum  removed 
is  at  Banca,  3  to  33  feet ;  at  Kotta  Raoah,  0.64  feet  to  6.47  feet,  or 
practically  the  same.  The  advantage  of  a  lighter  covering  in  the 
latter  plaoe  is  neutralized  by  a  reduction  of  yield  in  about  the  same 
proportion.  The  economical  limit  of  mining  is  naturally  different  in 
the  two  places,  depending  largely  on  surrounding  conditions,  mechan- 
ical facilities  and  the  cost  and  efficiency  of  labor. 

In  Banca,  the  amount  of  ground  removed  per  annum  by  one  man 
is,  according  to  Van  Diest,  300  to  460  cubic  meters.     At  Kotta 
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Ranah  it  is  205  cubic  meters  in  cleared^  dry  ground,  and  196.68  in 
cleared  but  ordinary  ground.  The  average  yearly  product  of  one 
man  in  Bnnca  is  610  kg.  white  tin. 

Hydraulic  stripping  cannot  be  introduced  at  Kotta  Ranah  for 
lack  of  head  and  grade.  The  maximum  width  of  the  pay-channel  is 
about  200  feet;  the  average  probably  35  feet.  The  streams  are 
short ;  and  if  mechanical  devices  were  used  in  stripping,  they  would 
have  to  be  moved  frequently. 

Pannings  were  made  of  nearly  10,000  pounds  of  gravel  from  the 
different  creeks.  Twenty  per  cent,  of  the  pannings  were  rejected  as 
too  low,  or  as  lying  outside  the  limits  of  the  tin-bearing  channel ; 
the  remaining  80  per  cent,  gave  an  average  result  of  1.13  pounds 
metallic  tin  to  2240  pounds  of  stream-gravel,  or  1.75  pounds  per 
cubic  meter.  . 

The  distribution  of  the  cassiterite  through  the  creek-beds  of  this 
district  is  somewhat  unusual  in  character.  One  would  expect  the 
fine  ore  to  be  found  down*stream  and  the  coarse  ore  up-stream,  ac- 
cording to  the  laws  governing  the  deposition  of  sediments.  But  in 
this  examination  I  found,  on  the  contrary,  a  perceptible  decrease  in 
the  average  size  of  the  grains,  going  up-stream,  within  a  certain 
limit  or  belt.  Going  beyond  this  limit  there  was  a  positive  decrease, 
both  in  the  coarseness  and  quantity  of  the  tin-grains.  I  also  no- 
ticed an  absolute  unsized  condition,  so  to  speak,  of  the  tin-grains  in 
the  creek-beds,  within  this  belt  or  zone,  while  outside  of  it  the  tin 
would  either  be  extremely  tine  and  but  little  of  it,  or  no  tin  at  all 
would  occur.  (Upper  Lau  and  Rambei).  Within  the  belt  coarse 
tin-ore  would  be  found  in  the  creek-beds,  a  few  feet  beyond  fine  ore, 
and  vice  versa  ;  there  seemed  to  be  an  utter  absence  of  regular  sizing. 

In  some  of  the  streams,  notably  the  Petaling,  Kalomboi,  middle 
Quay  and  upper  Blevon,  grains  or  crystals  of  cassiterite  were  found 
still  clinging  to  small,  angular,  or  sharp  pieces  of  quartz,  which 
appeared  crystalline  and  drusy  under  the  microscope.  This  indi- 
cates that  the  tin-ore  now  found  in  the  streams  has  been  broken 
down  from  veins  of  quartz  not  far  away.  In  some  instances  (Peta- 
ling and  Blevon)  the  veins  must  be  very  near. 

Considering  also  the  angularity  and  size  of  the  quartz-gravel  in 
the  creek-beds  and  banks,  and  the  absence  of  mica  and  tourmaline, 
one  is  inclined  to  think  the  existence  in  the  indurated  sandstones  of 
narrow  quartz-veins  carrying  cassiterite,  which  have  furnished  the 
stream-tin,  to  be  a  not  unreasonable  hypothesis. 

By  plotting  the  results  of  the  test-pannings,  a  tin- belt  is  defined 
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as  I  have  indicated  in  the  accompanying  maps^  with  a  northwest  and 
southeast  trend.  This  indicates  that  the  course  of  the  stanniferous 
quartz- veins  (from  which  the  stream-tin  came)  corresponds  with  the 
general  axis  of  upheaval  of  the  country.  The  nature  and  unsized 
condition  of  the  detrital  material  points  to  an  occurrence  of  these 
veins  in  the  sandstones  lying  but  a  short  distance  abbve  the  marked 
belt,  or  even  within  it.  Corroboration  bordering  on  proof  is  fur- 
nished by  the  absence  of  quartz-gravel  in  the  upper  Lau  (towards 
its  headwaters),  and  the  occurrence,  instead,  of  micaceous  and  fissile 
f^andstone  in  pieces  of  rounded  and  angular  shape.  Similar,  but  leas 
marked  conditions  occur  in  the  upper  Rambei  stream,  while  in  the 
upper  Batang  and  other  streams  all  gravel  disappears. 

It  thus  appears  that  the  Kotta  Ranah-Rambei  alluvial  tin-field  is 
of  very  recent  origin,  being  derived  from  the  broken-down  outcrops 
of  narrow  stanniferous  quartz-veins,  which  occur  in  the  underlying 
and  adjacent  impure  sandstone,  in  a  probably  northwest  and  south- 
east direction.  They  are  likely  to  extend  at  intervals  into  adjoining 
districts. 

That  there  really  are  narrow  quartz-veins  in  the  underlying  sand- 
stones (though  what  I  saw  was  not  stanniferous),  I  had  occasion  to 
satisfy  myself  when  a  pit  was  sunk  in  the  kulit  of  Batang  creek, 
extending  into  the  decomposed  rock  in  place.  A  nearly  vertical 
two-inch  veinlet  of  quartz  was  carried  in  one  side  of  it. 

The  quartz  now  found  in  the  creek-beds  is  of  course  part  of  the 
broken-down  outcrops  of  veins.  The  surrounding  country  indicates 
that  erosion  has  taken  place,  to  a  minimum  depth  of  several  hundred 
feet.  The  heavy  tropical  floods  carry  as  a  matter  of  fact  the  finer 
and  lighter  tin-ore  to  the  larger  streams  and  their  flood-plains;  and 
it  is  not  surprising  that  traces  of  tin-ore  can  be  found  even  at  long 
distances  from  their  probable  source.  Unquestionably  there  exist 
other  and  similar  belts  in  Siak.  I  heard  of  tin-ore  in  the  streams 
of  the  northwest  part  of  the  concession  and  beyond,  near  to  Rohkan 
river ;  but  I  did  not  go  to  test  their  value  and  extent  A  syste- 
matic further  tracing  of  the  belt  may  lead  to  the  discovery  of 
richer  fields  in  Siak  than  the  one  described. 

It  may  not  be  amiss  to  introduce  for  comparison's  sake^  some  figures 
from  another  foreign  field,  the  Kong  Loon  Kongsi  mine,  on  the 
Malay  peninsula,  in  the  district  of  Kamounting,  Perak,  as  reported 
by  Mr.  M.  J.  Errington  De  la  Croix  in  Les  mines  d'^in  de  Perak. 
A  Cliinese  company  is  working  the  field  under  a  concession,  and  the 
formation  may  be  taken  as  typical  for  that  district. 


*    8trippingB,  8.5  meters. 
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At  this  place,  a  cross-section  through  the  alluvium  shows 

Meters. 

Humns, 0.20 

Yellow  clay, 0  90 

Sand  with  tourmaline  grains,        .        .        .        .0.10 

Grajclaj,      . 0.66 

Gravel,  quartz,  feldspar,  tourmaline,     .        .        .    0.25 

Reddish  ferniginous  clay, 0.50 

Sand, 015 

Yellow  clay, 0.75 

Tin  deposit  with  bowlders, 2.80        Pay  gravel,  2.8  meters. 

Kasolin  (bed-rock),       .'....  ? 

The  pay-gravel  bed  averages  1  per  cent,  in  metallic  tin.  From 
Mr.  De  la  Croix's  figures  it  appears  that  44.4  per  cent,  of  the  mate- 
rial excavated  is  useful  material  and  the  remaining  55.6  per  cent,  is 
waste.  He  says  it  requires  41  cu.  m.  (at  1600  kg.)  of  pay-gravel  to 
make  1  ton  of  black  tin-ore,  assaying  66  per  cent,  white  metal. 
Hence  it  must  require  92.48  cu.  m.  of  excavation  from  grass-roots 
to  bed-rock  to  furnish  the  41  cu.  m.  of  gravel  required.  This  costs 
$1.18  (Mexican  money)  per  cubic  meter  of  gravel.  (The  book,  page 
36,  says  95,202  cu.  m.  and  $1.16  cost;   a  slight  error). 

From  other  data  in  the  report,  I  calculate  that  one  man  removes 
in  that  mine  343  cu.  m.  of  ground  per  year.  The  work  per- 
formed at  the  Kong- Loon  mine,  is  raising  16  kg.  (the  weight  of  a 
basketful  of  gravel)  a  maximum  of  6.30  inches,  with  a  velocity  of 
6  centimeters  per  second.  The  day's  work  amounts  to  about  6J 
hours.  The  work  performed  is  then  0.80  kilogrammeters  per  second, 
or  18,720  per  day.  At  Kotta  Banah,  the  workmen  raise  only 
(average  of  56  observations)  11.6  kg.  (25.59  lbs.),  a  maximum  of 
1.72  meters,  with  an  average  velocity  of  3  centimeters  per  second, 
or  the  duty  performed  is  0.348  kilogrammeters  per  second,  or  per 
day's  work  of  7J  hours,  9605  kilogrammeters. 

The  class  of  workmen  and  the  discipline  and  organization  are  evi- 
dently superior  at  Perak ;  but  the  duty  performed,  even  there,  is  only 
about  one-third  of  that  of  white  labor  in  temperate  climates. 

In  view  of  this  large  difference  in  effective  work,  a  few  words  as 
to  the  system  of  mining  labor  in  the  East  may  be  placed  here. 

The  ordinary  workmen  employed  for  mining  and  allied  occupa- 
tions are  Chinese,  who  are  either  imported  direct,  by  the  employers, 
or  are  obtained  more  generally  through  Chinese  agencies,  which 
exist  in  different  parts  of  the  East.  These  agencies  import  the  men 
direct  from  China,  at  their  own  expense,  under  contract,  and  then 
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sub-let  them  to  individuals  or  corporations,  at  a  fixed  cash  price  per 
head  (supposed  to  cover  expenses  and  profit  of  the  importing  agencies) 
and  under  agreed  and  stipulated  conditions  with  their  employers, 
which  are  signed  by  both  parties  and  attested  in  the  presence  of  the 
"  Chinese  protector."*  The  wages  of  the  ordinary  coolie  are  $30 
Mexican  money,  per  year,  $18  of  which  is  advanced  to  him  upon 
enrollment.  The  agency  in  Singapore  receives  in  addition  a  cash 
payment  of  $20  for  a  12-montbs'  coolie.  At  the  termination  of  his 
contract,  the  laborer  becomes  an  "  old  or  free  coolie  "  and  is  at  liberty 
to  re-engage  of  his  own  volition,  at  a  previously  agreed  price,  to  the 
same  party,  or  make  his  own  terms  elsewhere,  or  return  to  the  town 
whence  he  came.  As  a  novelty  to  American  miners,  I  give  a  copy 
of  one  of  these  contract-forms. 

General  Form  of  Contract. 

For  Chinese  Engaging  to  labor  in  this  Colony  and  in  ihe  Native  States. 

It  is  this  day  mutually  agreed  between  the  employer  the  A.  B.  C. 
Company,  his  attorney,  heirs,  or  assigns,  and  Tu-Tru,  Chinese  la- 
borer, born  at ,  and  aged  —  years  : 

That  the  said  laborer  is  willing  to  proceed  to  Kotarana  Sumatra 
and  be  employed  there  as  a  tin-miner,  for  twelve  months,  at  a  yearly 
wages  of  thirty  dollars  subject  to  the  following  conditions,  viz : 

1.  That  the  said  laborer  receives  an  advance  of  eighteen  dollars, 
which  shall  be  deducted  by  instalments  by  the  employer,  at  the  rate 
of  $1.50  per  month. 

2.  That  the  expenses  for  conveying  the  laborer  to  his  destination 
shall  be  borne  by  the  employer. 

3.  That  the  said  employer  shall  furnish  the  laborer  with  a  suita- 
ble house,  for  which  the  latter  will  not  be  required  to  pay  rent. 

4.  That  the  said  employer  shall  provide  the  laborer  with  his 
daily  food;  and  also  furnish  him  with  one  jacket,  two  pairs  short 
trousers,  one  mosquito-curtain,  two  bathing  cloths,  one  sun-hat,  and 
a  pair  of  clogs. 

5.  In  the  event  of  the  laborer  falling  ill  from  natural  causes,  the 
exployer  shall  furnish  him  with  medicine  and  a  place  for  his  medi- 
cal treatment  until  recovery  ;  and  if  the  days  of  illness  do  not  exceed 
thirty  (30)  days,  the  loss  of  time  shall  be  borne  by  the  employer, 

*  The  Chinese  protectors  are  Government  officers,  appointed  to  enforce  the  fulLl- 
ment  of  labor-contracts  and  to  take  the  part  of  the  wronged  party,  if  oocaaion  re- 
quires. 
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and  the  laborer  will  not  be  required  to  make  up  for  it.  But  should 
the  illness  of  the  laborer  exceed  thirty  (30)  days  during  one  year, 
or  should  he  fall  sick  from  his  own  faulty  or  contract  any  venereal 
disease,  he  shall,  on  recovery,  or  after  the  termination  of  his  agree- 
ment, make  good  the  days  of  his  illness ;  and  shall  also  pay  to  the 
said  employer  twenty-seven  cents  as  cost  of  food  for  each  day's 
absence.  Should  the  laborer  desert  and  be  captured,  all  expenses 
actually  incurred  shall  be  repaid  by  him. 

6.  Should  the  laborer  be  unable  to  work  on  account  of  venereal 
disease,  or  stop  work  through  laziness,  the  number  of  days  of  such 
absence,  together  with  any  advances  he  may  have  received,  shall  be 
endorsed  on  the  contract ;  and  should  there  be,  at  the  expiration  of 
the  agreement,  any  sums  outstanding,  the  laborer  shall  work  at  the 
rate  of  six  dollars  per  mensem,  as  in  the  case  of  old  coolies,  until 
the  whole  amount  has  been  paid. 

Whenever  there  is  any  dispute,  the  agreement  shall  be  taken  to 
the  Protector  of  Chinese,  or,  if  beyond  this  Colony,  to  the  local  au- 
thority. 

7.  Ten  hours  shall  constitute  a  day^s  work,  but.  in  case  of  emer- 
gency the  laborer  shall  wqrk  beyond  the  specified  time.  Such  over- 
time shall  be  placed  to  the  credit  of  the  laborer  at  the  rate  of  wages 
mentioned  in  his  contract. 

8.  The  customary  Chinese  festivals  will  be  considered  as  holi- 
days. 

The  above  eight  (8)  articles  having  been  clearly  explained  to  both 
parties  by  the  Protector  of  Chinese,  they  have  agreed  to  all  of  them 
and  have  signed  this  contract  with  the  understanding  that  they  shall 
hereafter  observe  all  the  articles  mentioned  therein. 

Roister  No. — ;   Name  in  English  of  employe, ;  Age 

— ;  Name  in  Chinese, ;  Original  country ;  Ad- 
vance $ ;  Signature  or  mark  of  employ^ . 


OflBce  of  Protector  of  Chinese, ,  18 — , 


Employer. 


^ Witness. 

Protector  of  Chinese, 

Coolies  introduced  into  the  Dutch  possessions  must  have  their  con- 
tracts filed  and  registered  by  their  employers,  with  the  nearest 
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"  Resident "  or  *'  Assistant  Resident."  The  Dutch  law  does  not 
permit  coolies  to  be  worked  without  a  contract,  and  requires  a  proper 
enforcement  of  its  stipulations.  So  long  as  coolies  live  up  to  their 
contract  they  cannot  be  dismissed  before  its  expiration,  without  the 
consent  of  the  ''  Resident."  This  is  an  important  matter  to  the 
promoters,  in  case  of  an  unprofitable  enterprise.  Coolies  work 
under  foremen  called  Mandora,  and  distinguished  as  first,  second, 
third  or  fourth  mandor,  according  to  their  ability  and  duration  of 
service,  and  according  to  the  number  of  men  under  them.  InSiak 
each  mandor  worked  50  coolies.  A  mandor's  wages  vary  from  $100 
down  to  $70,  $60,  or  $40  (Mexican  money)  per  month.  The  mandors 
are  supposed  to  board  themselves ;  they  are  paid  from  one  to  two 
month's  wages  on  account,  on  enrollment.  Mandors  are  picked  from 
among  "old  or  free"  coolies.  The  wages  of  Chinese  blacksmiths 
(free),  vary  from  $20  to  $25  per  month,  and  carpenters  cost,  accord- 
ing to  skill,  from  $15  to  $25  per  month. 

To  these  wages  must  be  added  the  cost  of  brokerage,  agency,  con- 
tract-drawing, medical  examination  and  other  items;  also  the  cost 
of  shipping  coolies  to  their  destination  and  feeding  them  en  roiUe, 
The  monthly  board,  either  provided  by  the  employer  direct  or  through 
a  boarding-house  boss  (Tauki),  against  a  fixed  charge,  must  also  be 
included.  If  a  coolie  di&s  during  contract-time,  the  $20  purchase- 
money  and  any  part  of  the  $18  advance  not  yet  worked  out,  is  lost 
to  the  employer.  Moreover,  the  time  lost  through  sickness  of  less 
than  30  days,  the  cost  of  medicine  administered  (see  contract),  the 
hospital  costs  for  patients  ill  more  than  30  days  and  the  eventual 
funeral  expenses  and  loss  of  clothing  supplied,  are  all  charges  to  be 
considered  when  the  cost  of  a  unit  of  labor  is  computed.  The  time 
lost  during  heavy  rains  (the  coolies  working  out  of  doors),  when 
calculated  for  a  lot  of  coolies  per  year,  represents  a  good  many  days 
work.  Adding  to  all  this  the  necessity  of  breaking  in  raw  coolies 
for  their  especial  work,  we  may  conclude  that  coolie  labor  is  more 
expensive  than  we  might  at  first  have  supposed. 

The  hours  of  work  in  Siak  are  from  7  to  11  a.m.  and  from  1  to 
5  P.M.  About  ten  minutes  are  lost  each  time  on  going  to  work  and 
getting  ready ;  the  coolie's  work  is  reckoned  to  commence  when  he 
leaves  his  roof  or  shelter. 

Coolies  in  Siak  are  paid  once  a  month,  nominally  $2.50,  but  $1.50 
is  kept  back  on  account  of  the  advance  made  at  enrollment,  leaving 
the  coolie  $1  in  cash  per  month  during  his  year  of  employment.  There 
are  no  rates  per  hour,  such  as  are  established  for  over-time  in  the 
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Malay  peninsula,  where  the  whole  coolie  labor -system,  being  of 
longer  standing,  is  better  organize*]  and  disciplioed  than  in  Siak. 

The  tools  of  the  Chinamen  are  a  chankol,  shown  in  Fig.  6  (a 
hoe-like  instrument,  which  takes  the  place  of  the  pick  and  shovel), 
and  a  crow-bar,  for  harder  material  or  boulders.  The  material  ex- 
cavated  is  filled  with  the  chankol  into  small,  flat  rattan   baskets 


(bakol),  which  are  carried  across  the  shoulders,  as  shown  in  Fig.  7, 
being  hung  hack  to  back,  so  as  to  be  easily  dumped  by  either  hand. 
Notched  poles,  similar  to  those  used  in  Mexico,  serve  as  ladders  in 
the  pits. 

To  raise  small  quantities  of  water,  or  to  hoist  from  the  deeper 
pits,  the  old-fashioned  "  well-sweep  "  is  used,  with  a  thin  rattan  vine 


for  a  cord,  carrying  for  the  former  purpose  a  bucket,  for  the  latter  a 
larger  bakol  than  is  used  for  carrying  dirt  and  gravel  by  hand.  The 
Chinese  pump  is  also  employed.  Steam-pump;  have  been  intro- 
duced in  the  Malay  peninsula. 

In  addition  to  the  Chinese  miners,  small  numbers  of  Javanese 
ooolies  are  employed  in  Siak  for  making  roads  and  grubbing  out  the 
roots  of  trees,  and  the  native  Malays  find  work  in  clearing  the  jungle 
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and  forest,  carrying  supplies  over  the  rough  roads,  building  native 
huts,  coolie-houses^  stock-houses,  etc.  The  Javanese  coolies  are,  like 
the  Chinese,  under  time -contracts,  but  they  feed  themselves,  procur- 
ing supplies  from  the  natives.  The  Malay  workmen  are  free  men, 
independent  in  their  actions  and  character,  and  better  suited  to  their 
special  work  than  either  of  the  other  two  races.  The  three  races 
live  apart,  and  there  is  no  love  lost  among  them. 

Among  the  Malay  tools  the^rari^  and  blevong  deserve  mention. 
The  jHirang  (Figs.  8  and  9)  is  a  sword-like  knife,  reminding  one  of 
the  Spanish  maoheta,  but  heavier  at  the  end.     It  is  used  for  cutting 
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PLAIN  BUSH-PAHANQ. 
3iD  tb  .Natoral  Siw. 


bushes  and  shrubs,  and  is  a  formidable  weapon  in  skillful  hands. 
The  blevong  (Fig.  10)  is  the  native  axe.  The  long,  thin  handle, 
slightljr  elastic,  is  set  at  75®  to  the  axis  of  the  steel  blade,  which  is 
attached  to  it  by  split  rattan,  firmly  bound  around  both.  The  axe 
is  held  with  both  hands  by  the  upper  and  thicker-part  of  the  handle, 
and  is  operated  without  apparent  effort  with  a  side-swing  not  higher 
than  the  shoulder,  cutting,  in  skillful  native  hands,  with  surprising 
rapidity  and  accuracy. 

Malays  are  paid  33)^  cents  a  day,  and  feed  themselves. 

Storehouses,  coolie-houses,  etc.,  are  framed  of  rough  timbers  and 
heavy  sticks,  the  sides  being  of  bamboo  laths  covered  with  bark  or 
atap  (a  variety  of  palm-leaf).     The  floor  is  made  of  closely-laid 
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bamboo  sticks,  and  the  roof  is  covered  with  ajta-p.  The  following 
example  shows  the  number  of  days'  work  required  to  build,  as  far 
as  the  lower  edge  of  the  roof,  a  storehouse  {godang)  14m.  long,  8.6 


Fig.  8. 


'Sharp  edge  H  wide 


tMck^'thlok — 


t>aoku/stUck-.4.— 


BU8N  ATID  DCFCNee-PAIIANO. 

>fith  KatmlBise. 


m.  wide,  and  2.7m.  high,  and  raised  on  posts  Im.  high  from  the 
ground.  The  jungle  was  cleared  for  a  considerable  distance  around 
the  house : 

Days'  Work. 

Clearing  jungle, 24 

Grading, 46 

Cutting  timbers  and  carrying  to  camp, 326 

'*      sticks       «         a        li      u 49 

"      alap         «         una 350 

"      rattan-Vine         "        "      « 150 

"      bark         **          u        u      a 12 

"      bamboo    «         "        "      « 57 

«      extra  wall-material,   "      " 41 

Preparing  aJtap  in  camp, .        * 262 

rattan    " 154 

"         wall-material  in  camp, 120 

Labor  of  erection, 364 

Total,  1955  days'  work,  at  SSJc,  ==  $651.66. 
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A  dwelling- house  1 1  z  8.5  x  2.3  m,,  with  kitchen  attached,  5  z  6  x  2.5 
n.,  O06t  324  days'  work.     Both  buildings  were  raiD-proor. 


The  Banca  minere  of  alluvial  tin  distioguish  two  classes  of  work  : 
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the  mountain  stream-work,  called  kidUy  and  the  working  of  valley- 
placers  and  flats,  called  koUong.  From  this  has  also  grown  the 
custom  of  calling  work  on  an  upper  gravel-layer,  kulitf  and  on  a 
lower  one  koUtmg;  work  on  an  intermediate  layer  being  called  kulit- 
koUong. 

In  Siak,  Sumatra,  kuKt-wovk  only  exists.  This  work  is  per- 
formed, after  the  necessary  preliminary  cleaning  and  grubbing,  by 
Chinese  coolies,  and  consists  in  first  diverting  the  stream  and  then 
making,  stream-upwards,  a  series  of  rectangular  excavations  {kuMt)y 
taking  in,  if  possible,  the  full  width  of  the  pay-channel  or  working, 
from  bank  to  bank  down  to  and  through  the  pay-gravel,  but  keep- 
ing the  strippings  separate.  After  staking  ofl^  a  rectangle  of  the 
width  of  the  gulch  or  pay-channel,  and  say  a  hundred  feet  in 
length,  a  number  of  Chinamen  are  placed,  chankol  in  hand,  along 
the  lowest  line  across  the  gulch,  facing  stream  upwards.  These 
loosen  the  ground  and  fill  it  into  the  baskets  of  the  stripping- 
carriers  {angkat  ianna\  who  stand  behind  the  diggers  {chankol 
tannd)  and  have  to  carry  the  waste  back  of  the  field  to  the  dumping- 
ground.  When  the  staked  area  has  been  stripped  down  to  the  pay- 
gravel,  or  karanfff  this  is  taken  out  similarly  and  carried  to  the  ore, 
or  karang  floor.  *  A  new  pit  is  then  commenced,  and  the  strip- 
pings of  the  new  work  are  dumped  into  the  first  excavated,  and  now 
empty,  pit.  When  the  work  is  in  full  operation  there  are  distinct 
squads  of  strippers  and  pay-gravel  diggers  with  their  respective 
squads  of  carrier's  distinguished  as  orang  tanna  and  orang  karang. 
The  gravel  is  constantly  tested,  at  different  places,  by  washing  (in 
the  batea)  to  guide. the  diggers. 

As  already  observed,  the  baskets  at  Kotta-Ranah  in  which  the 
material  is  carried  out  of  the  pits  are  small,  holding  only  25  lbs. ; 
in  Perak  the  carrier's  load  is  35  lbs.,  and  in  Pahang,  as  I  am  told, 
37  lbs.  If  light  iron  wheel-barrows  were  substituted,  and  planks 
laid  to  wheel  on,  a  carrier,  in  these  shallow  deposits,  could  just  as 
easily  wheel  out  from  60  to  70  pounds  in  the  time  he  now  consumes 
in  carrying  26  pounds.  The  Chinaman,  however,  dislikes  any  inno- 
vation upon  his  accustomed  ways,  and  I  encountered  much  prejudice 
on  the  part  of  the  mandora  when  I  suggested  the  trial.  They  were, 
however,  finally  persuaded,  and  I  convinced  them,  watch  in  hand, 
that  my  assertion  was  correct.     But  I  soon  learned  that,  besides 

*  Karang  really  means  '^  ruck/'  and  is  used,  in  this  connection,  as  our  lode- 
miners  speak  of  "  pay-rock,'*  in  contradistinction  to  tanncL,  or  earth.  Angkat  means 
carrying  or  carried. 


76  TH£  ALLUYIAIi  TIK-DEP06IT8  OF  SIAK,  SUMATBA. 

prejudice,  saperstition  had  to  be  overoome  with  the  Chinese  tin-miDer. 
The  tales  of  mining  kobolds  and  gnomes  still  hold  full  sway  in  their 
minds.  They  believe  that  tin  is  under  the  especial  protection  of 
gnomes  who  are  easily  offended,  and  who,  if  established  ways  are 
not  strictly  adhered  to,  leave  the  mine  and  take  the  tin  with  them. 
One  very  disagreeable  thing  exacted  by  these  gnomes  is  that  when 
karang  is  being  dug,  no  one  shall  enter  the  kuUt  except  barefooted. 
Now  this  is  the  most  interesting  stac^  in  the  work  for  one  who  wants 
to  study  the  deposit ;  and  it  surely  tries  an  expert's  enthusiasm  to  be 
obliged  to  walk  barefooted  over  muddy,  angular  quartz-gravel,  for 
each  sample  to  be  panned.  But  I  had  to  do  it.  Again,  while  pay- 
gravel  was  being  dug,  I  was  not  permitted  to  approach  the  ore^floor 
or  the  kulU  with  an  opened  umbrella,  to  shield  myself  against  rain 
or  the  tropical  sun.  The  mandor  told  me  that  if  I  did  so,  '^  the  tin 
would  leave  the  gravel  over-night." 

At  each  starting  of  a  new  kulity  or  of  the  wash-machine,  tapers 
were  burned  at  each  end,  formulae  were  said  in  Chinese,  and  the 
wash-machine  was  treated  to  a  handful  of  rice,  carefully  dropped 
into  the  feed-water.  It  required  patience  and  time  to  overcome 
these  superstitions.  Though  impressed  by  my  washing  tin  out  of 
the  gravel  in  a  gold-miner's  pan,  the  coolies  did  not  give  me  their 
confidence  until  I  brought  out  and  started  a  prospecting  borer, 
which,  to  their  surprise,  brought  up  tin,  without  stripping  in  the 
regular  way.  I  was  permitted  after  this  to  keep  my  shoes  on,  but  I 
still  had  to  forego  the  luxury  of  an  umbrella  about  the  divings. 

Another  evidence  of  either  superstition  or  extraordinary  mutual 
affection  is  presented  by  the  death-register.  Each  coolie  receives  a 
number  on  enrollment  which  is  carried  for  identification ;  in  addition 
each  man  is  photographed,  and  bis  number  is  written  on  the  picture. 
Friends  generally  take  consecutive  numbers.  I  was  struck  to  see 
how  death  selected  certain  sets,  nearly  by  consecutive  numbers,  such 
as:  9322,  9324,  9325,  9326,  9328,  9344,  9346,  9347,  12,513, 
12,515,  12,517,  12,519,  12,520, 12,541, 12,542,  12,543. 

Can  this  be  accidental,  or  is  it  a  proof  of  the  physical  effects  of 
sympathy,  or  of  superstition  ? 

The  simple  and  crude  borer  used  in  the  East  for  prospecting  alluvial 
deposits,  consists  of  a  circular  iron  platform,  with  a  central  annular 
opening,  and  a  projecting  sleeve  on  the  under-side  large  enough  to 
slip  over  the  casing-tube,  to  which  it  is  held  by  three  heavy  screw- 
bolts.  The  casing  has  couplings  with  slot  key-seats  or  common 
screw-couplings.    The  pipe  used  was  S^-inch  cast-iron,  with  a  pro- 
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jecting  steel  shoe  for  the  end-pieoe.  Boring-rods  were  l^-inch  square 
bar-iron,  with  a  screw-socket  top.  The  bit  of  the  boring-tools  is 
3  inches  in  diameter;  there  is  a  variety  of  bits  in  each  outfit. 
Besides  a  large  auger  to  start  the  casing- hole,  there  are  screw-augers, 
augers  with  ball-valves,  screw-nosed  cylinders  with  ball-valves,  a  T- 
shaped  wood-cutting  chisel,  semicircular,  cross  and  flat  chisels  for 
rock  or  bowlders,  crown-borers,  sand-borers  and  a  variety  of  other 
tools,  such  as  rod-catcher,  spring-darts  for  tubing,  etc.  These  tools 
might  be  much  improved.  The  price  of  such  an  outfit  at  Singapore 
is  about  $685  (Mexican). 

In  the  iron  platform,  arranged  along  the  circumferences  of  a  series 
of  concentric  circles  described  about  the  central  coupling,  are  a 
number  of  1-inch  holes  intended,  to  permit  the  attachment  of  weights 
to  the  platform  by  means  of  hooks  or  lashings.  When  the  casing 
has  been  started  several  feet  into  the  ground,  and  a  guiding-frame 
has  been  built  about  it,  four  men  mount  the  platform,  insert  the 
boring-tools  into  the  casing,  and,  walking  in  a  circle,  turn  the  rods 
by  means  of  hand-dogs.  The  weight  of  the  men  and  platform,  plus 
the  weights  attached  below,  forces  the  casing  down  as  the  boring-tool 
cuts  the  material  away.  The  casing,  which  is  fastened  to  the  plat- 
form, turns  in  an  opposite  direction  from  the  borer  by  virtue  of  the 
circumstance  that  the  men  brace  their  feet  simultaneously.against  the 
platform  as  they  press  on  the  hand-dogs.  To  guide  the  rods  and  to 
facilitate  the  lengthening  and  extraction  of  rods  and  tubing,  a  tripod, 
rigged  with  blocks  and  falls,  is  erected  over  the  bore-hole. 

The  number  of  feet  bored  per  hour  varied  according  to  the  nature 
of  the  ground  and  the  kind  of  bit.  With  an  entirely  raw  crew,  the 
average  progress  was  from  1.33  to  2.06  feet  per  hour ;  and  the  time 
occupied  in  loosening,  extracting,  lengthening  rods  and  tubes,  etc., 
and  necessary  delays,  varied  from  2.27  to  11.9  times  the  actual 
boring-time.  The  average  prepress  of  1.33  feet  corresponds  to 
the  smaller  ratio  of  2.27  just  given.  In  this  case  a  cylindrical  open 
shell,  with  screw-nosed  end,  was  used  as  a  bit. 

When  2.06  feet  average  progress  was  made  per  hour,  a  regular 
screw-auger  was  used.  This  would  tighten  frequently,  and  the 
necessary  delays  amounted  to  nearly  12  times  the  actual  boring-time ; 
but  the  net  rate  of  progress  was  greater.  -  In  both  cases  the  soil  was 
a  tough,  gray  clay ;  the  depth  of  holes  varied  from  11  to  32  feet. 

The  crew  comprised  11  men:  4  on  the  platform,  6  extracting, 
handling  rods  and  tubes  etc.,  and  one  panning  the  borings. 

In  Banca  and  Billiton,  where  the  coolies  have  been  trained  for 
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years  by  Europeans,  conditions  are  different.  In  Billiton  there  is  a 
regular  boring  corps^  in  charge  of  European  engineers,  which  tests 
the  fields  systematically  in  advance,  by  boring  first  at  intervals  of 
say  100  yards,  and  supplementing  these  with  holes  20  to  25  yards 
apart,  or  closer  if  necessary,  to  ascertain  the  course,  average  thick- 
ness, and  character  of  pay-gravel.  The  contents  of  each  bore-hole 
are  carefully  washed,  the  collected  tin  is  weighed,  and  calculations 
are  made  as  to  the  probable  yield.  On  the  basis  of  this  estimate  the 
fields  are  let  out  to  Chinamen,  against  a  fixed  price  per  unit  weight 
of  tin  produced  *  and  turned  over  to  the  company. 

It  has  been  established  that  the  average  wages  expended  in 
Billiton,  per  pikol  of  tin-ore  produced,  are  20  guilders,  and  that  12 
guilders  per  pikol  is  the  cost  of  administration,  etc.  On  the  basis  of 
these  figures  and  the  indications  of  the  test-borings,  a  certain  tariff 
is  figured  out,  with  contingent  bonuses. 

Under  a  former  tariff,  the  basis  of  wages  was  20  guilders  per 
pikol  of  tin- ore,  but  the  workman  received,  as  minimum  wages  per 
annum,  140  guilders,  or  the  pay  for  7  pikola,  whether  he  produced 
so  much  or  not,  7  pikola  being  the  lowest  rating  of  annual  yield  per 

*  The  unit  of  weight  on  which  tin-ore  is  bought  and  sold  in  the  East  Indies  is 
the  pikol.  The  following  table  of  native  weights  is  compiled  from  the  Netherland 
Indies  Government  Almanac^  for  1890: 


Kilogmmmes. 

1  pikol  —  100  katties, 

m                    • 

—      61.7613 

1  kattie  — 16  thail,    .... 

=        0.6176 

1  thail  precious  metal, 

•                    • 

=      0.06409 

1  koyan  —  28  pikols  (Samaran^),     . 

•                    • 

=    1729.316 

1  koyan  —  27  pikols  (Batavia), 

■                    • 

=    1667.665 

1  koyan  —  30  pikols  (Soerabuja),     . 

•                    • 

—     1852.839 

1  koyan       30  pikols  (Batavia,  for  salt, 

etc.),   . 

—    1852.839 

The  following  are   the   figures  for  the  Malay  Peninsula,  as  given  by  £.  de 
la  Croix. 

Kilogrammes. 

1  pikol  =  100  katties, =  62.500 

1  kattie  =  16  uhels, =  0.625 

1  tahel, =  0.039 

1  bharra  =  3  pikols, =  187.50 

1  koyan  =40  pikols, =  2500.00 

16  pikol*?  =  1  metric  ton, =  1.000 

At  Singapore : 

1  pikol  white  tin  metal  =  60.5  kilogrammes  =-133.33  lbs.  ay. 
16.8  pikols  =  2240  lbs.  av.  =  1  ton. 
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mau.  If  he  delivered  the  full  rated  quantity,  or  more,  he  received 
a  bonus  determined  in  a  sliding  scale,  in  addition  to  the  regular 
wages  of  20  guilders  per  pikoL     The  sliding  scale  was  as  follows : 

The  bonus  paid,  besides 
For  groDnd  rated  to  wages,  to  each  man  delivering 

yield  annually  per  man :  tbe  rated  quantity  or  more  was : 

Pikols.  Guilders. 

7  80 

8  65 

9  50 

10  36 

11  20 

12  5 

The  reward,  as  will  be  seen,  is  very  properly  largest  for  the  man 
working  in  the  poorest  ground,  as  workmen  in  richer  ground,  even 
if  they  do  not  secure  the  bonus,  are  pretty  certain  of  getting  more 
than  the  guaranteed  minimum  of  140  guilders. 

The  present  minimum  in  Billiton  is,  as  I  understand,  120  guilders 
per  year,  representing  S-pikol  ground ;  and  the  above  sliding-scale 
has  probably  been  correspondingly  altered. 

The  pay -gravel  at  Kotta  Kanah  is  sufficiently  free  from  clay  not 
to  require  puddling.  It  is  washed  in  a  sluice-box,  18  feet  long,  3 
feet  wide  at  the  head  and  1  foot  6  inches  wide  at  the  tail,  having  a 
slope  of  3°.  Above  the  sluice-box  a  cylindrical  sizer,  1  foot  6 
inches  in  diameter  and  3  feet  long,  made  of  ^-inch  square  bar-iron, 
and  having  a  slope  of  1  inch  to  the  foot,  is  connected  by  shafting 
with  an  over-shot  water-wheel.  Three-quarters  of  the  water  re- 
quired in  sluicing  is  passed  in  with  the  gravel  at  one  end  of  the 
drum ;  the  remaining  quarter  drops  from  above,  from  a  perforated 
launder,  on  to  the  revolving  drum,  which  it  enters  through  the  ^- 
inch  spaces,  washing  the  coarser  gravel  clean.  The  coarse  gravel  is 
discharged  at  the  opposite  end  of  the  drum,  which  has  a  turned-up 
flange,  ^  inch  high,  to  prevent  a  too  rapid  discharge  of  the  gravel, 
and  insure  a  better  washing.  The  fine  stanniferous  gravel  falls 
through  the  ^-inch  spaces  upon  an  apron,  2  feet  5  inches  long,  in- 
clined 23^,  and  provided  with  distributors;  .this  apron  is  continued 
for  another  foot,  to  the  head  of  the  sluice,  but  at  60^  inclination. 
The  gravel  is  raked  with  a  flat,  narrow,  wooden  shovel,  or  with  forks, 
and  is  afterward  skimmed.  The  concentrates  are  cleaned  in  the 
batea.  This  combination  of  sluice  and  sizer  was  copied  from  Aus- 
tralian mines. 

The  capacity  of  such  an  apparatus,  when  the  gravel  is  not  clayey, 
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was  found  to  be  5826  pounds  wet  or  5194  pounds  dry  gravel,  per 
"•hour.     This  average  was  obtained  from  a  run  of  174,786  pounds  of 
weighed  gravel. 

The  labor  required  for  washing  and  weighing,  per  day,  was:  1 
man  at  ditch;  1  man  wheeling  away  tailings;  1  man  taking  away 
coarse  gravel  and  attending  to  transmission  of  power,  etc.;  4  men 
washing;  2  men  feeding  drum  on  ore-floor,  in  all  9  men;  1  man 
weighing  ore;  2  men  carrying  weighed  ore  to  drum-floor,  and  half 
the  time  of  1  mandor.  It  will  easily  be  seen  that  with  proper 
arrangements,  at  least  4  men  could  be  dispensed  with. 

Tailing  samples  from  the  sluice-box  contained  0.2  pounds  of  black 
tin  per  ton  of  pay-gravel. 

Singapore  smelting-charges,  on  loTig  time  contracU,  are  indicated 
by  the  appended  sliding  scale. 

Ore  assaying  70  per  cent,  and  over,  gross  price  $1.50  per  pikol,  or  $25.20  per  ton. 

a  a  g5    a       u       n  u  ti  u      |2  75     (4        i<        ,«    $29.40    "        •* 

«         "        60    "      **      "        "        "        **     $2.00    "       "      **    $33.60    "       " 

Ores  containing  sulphur,  copper  or  iron  pyrites,  arsenic  or  other 
impurities,  requiring  special  treatment,  must  be  specially  arranged 
for.  The  charge  for  roasting  is  55  cents  per  jAkol  extra.  The  deduc- 
tions are,  first,  a  small  percentage  for  impurities,  and  then  for  loes 
in  furnace.  Deductions  for  trifling  impurities  usually  vary  from 
0.2  to  0.5  units,  and  for  smel ting-losses  the  deductions  are  : 

On  Ore  Asf^aying  Deduction 

Per  cent.  '  Units. 

70  and  upwards, 2 

65     "        "  3 

62     "        "  4 

60     "        **  6 

For  example,  on  a  high-class  ore,  assaying  say  74.2  per  cent,  of 
tin,  there  would  probably  be  deducted  0.2  for  impurities,  and  2 
units  for  loss  in  furnace,  leaving  72  per  cent,  net  refined  tin.  On 
ore  assaying  72  per  cent,  and  quite  pure,  possibly  70  per  cent,  net 
refined  tin  would  be  allowed,  but  more  likely  69J  per  cent.  It  will 
be  seen  that  the  losses  thus  charged  are  quite  severe  when  the  ore 
falls  below  a  70  per  cent,  grade.  Assuming  the  deduction  for  im- 
purities at  0.5  units,  the  losses  charged  really  are : 

For  Ore  Assaying 

Per  cent.  Per  cent. 

70  and  over, 3.57 

65    ^'      '* 8.46 

62    "      •* 10.46 

60    "      " 12.60 
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The  smelters  use  furnaces  similar  to  those  of  Cornwall.  There 
should  be  a  handsome  profit  in  these  charges.  Their  only  competi- 
tors are  the  Chinese  smelters  in  the  local  camps. 

Mr.  E.  De  la  Croix  gives  the  rates  at  Perak.  The  tin-ore  there 
is  pure,  but  fine,  and  contains  no  arsenic  and  seldom  sulphur.  An 
analysis  of  the  Kong-Loon  mineral  shows  tin,  66 ;  iron,  6.15 ;  silica, 
alumina,  etc.,  27.85.  The  single  smelting,  which  suffices  for  the  re- 
duction of  the  stannic  oxide  to  metal,  is  performed  in  a  low  semi- 
cylindrical  shaft-furnace  {Spurofen)  of  brick,  45  cm.  in  diameter 
and  1.85  m.  high  above  the  hearth-level,  with  one  tuyere  inclined 
40^  to  45^,  the  whole  costing  about  $100.  Smelting  is  doue  at 
night ;  36  pikob,  or  2.25  metric  tons,  of  mineral  are  treated  per 
night,  with  a  consumption  of  1203.125  kg.  of  charcoal  (53.47  per 
cent.).  The  costs  per  pikol  are  $0.55  for  labor  and  $2.30  for  fuel,  a 
total  of  $2.85.  The  losses  in  treating  66  per  cent  mineral  are  7.60 
per  cent,  (much  of  the  mineral  being  very  fine).  The  slags  made 
are  ground  and  washed  for  metallic  granules,  or  sold  to  special 
smelters.  Mr.  De  la  Croix  gives  the  following  analysis  of  washed 
and  unwashed  slags : 

Unwashed  Slags.  Washed  Slags. 
Percent.  Percent. 

Tin  (metallic  grannies) 5.30  55 

Tin  silicate, S.60  15 

« 

This  shows  that  much  of  the  silicate  of  tin  was  lost  in  washing. 

The  Chinese-built  furnaces  of  Billiton  are  made  of  clay.  I  saw 
a  similar  one  in  Sumatra.  They  are  short,  cylindrical  shaft-fur- 
naces, 12  to  15  inches  in  diameter,  and  3.5  to  5  feet  high,  from  low- 
est hearth-level  to  throat.  The  hearth-bottom  is  spherically  rounded, 
and  a  tuyere-hole  is  provided  above  for  artificial  blast. 

The  Chinese  generally  smelt  during  the  four  months  of  the  wet 
season,  from  December  to  April,  and  during  the  night. 

They  commence  preheating  the  furnace  at  about  3  p.  m.,  charge 
at  7,  and  at  9  the  charge  is  fused.  The  campaign  of  a  set  of  2  fur- 
naces, costing  when  erected  about  200  guilders  each,  is,  say,  2000 
pikols,  which  are  run  through  in  80  to  90  nights.  Hence  the  fur- 
nace-wear per  day  is  about  5  guilders  ;  27^  pikols  smelted  is  con- 
sidered a  large  night's  work.  The  cost  is  about  2  guilders  per 
pikolf  or  per  day,  53  guilders,  divided  as  follows  :  fuel,  40 ;  wear 
and  tear,  6;  wages,  8.  The  latter  item  includes  1  head-smelter,  4 
assistants,  8  bellows-men,  and  2  roustabouts,  making  10  men,  at 
average  wages  of  25  fl.  per  month. 
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Only  about  one-fourth  of  the  Billiton  tin  requires  refining.  The 
black  tin  averages  71  per  cent,  in  white  metal,  and  the  loss  in  smelt- 
ing Vas  given  to  me  as  about  3  per  cent. 

A  word  regarding  the  exports  of  tin  maj  be  added  in  conclu- 
sion. What  is  known  to  the  trade  as  Singapore  tin  comes  partly 
from  Perak,  partly  from  Sungi  Ujong,  Selangor,  Kwalla  Lumpur, 
Jelubu,  and  Malacca.  Pahang  is  expected  to  add  to  the  Singapore 
output  hereafter.  What  is  known  as  Penang  tin  is  all  from  Perak 
(part  of  the  Perak  tin  goes  to  Singapore).  What  is  known  as  Straits 
tin  in  London  is  Penang  and  Singapore  tin.  What  is  known  as 
Malacca  tin  in  the  United  States  is  also  Penang  and  Singapore  tin, 
only  it  is  speoiaUy  branded  to  satisfy  the  American  buyers.  It  may 
seem  strange  that  Penang  tin  is  sent  to  Singapore  in  preference  to 
exporting  it  direct,  since  freight-rates  from  Penang  to  Singapore 
are  8  cents  per  ^'A^o^;  insurance,  ^  per  cent.;  exchange 'and  banker's 
commission,  ^  per  cent,  additional.  If  tin  is  quoted  in  Singapore 
at  say  $31.50  ^r  pikol,  the  extra  shipping,  costs,  etc.,  from  Penang, 
would  be  16  cents  per  pikoL  Singapore  overcomes  this  drawback 
of  16  cents  by  having  better  shipping-rates  and  more  favorable 
banking-facilities.  The  shipping-rates  in  September,  were  as  fol- 
lows: To  Holland,  15  shillings  per  ton;  to  United  States,  21 
shillings,  to  London,  7  shillings  6  pence.  Insurance  costs  ^  to  f  per 
cent. 

The  exports  of  tin  from  Singapore  and  Penang  were  in  pikols  of  * 
60.5  kg.,  or  133.33  lbs.  avoirdupois. 


1866—  95,633 
1867—117,746 
1868—102,397 
1869—101,889 
1870—102,324 


1871—152,200 
1872—163,094 
1873—116.830 
1874—127,918 


It  was  expected  that  the  product  of  1890  would  be  smaller. 

According  to  the  appendix  of  the  government  almanac  for  Dutch 
India  for  1890  the  tin-export  from  Banca  and  Billiton  was,  in  kilo- 
grammes : 


1882. 

1888. 

1884. 

1885. 

1886. 

1887. 

1888. 

Billiton 

4,520,762 

•*• 

3,976,648 

8,773,263 

412 

4,232,779 

4,144,776 
3,625,440 

4,867.570 

68 

5,065,179 

4,100,031 

55 

3,877,261 

5,138,458 

571 

5,741,912 

4,992,142 

1.592 

5,957,784 

Oatdde  of  Java 

Banca. 
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The  export  from  Billiton  was  in  1879,  4,412,907;  in  1880, 
4,604,017;  and  in  1881,  3,898,320  kilogrammes. 

According  to  mercantile  reports  Banca  exports  in  1889  amounted 
to  5,580,000  kilos,  and  Billiton  exports  to  5,964,014  kilos. 

The  almanac  gives  the  following  as  the  amount  and  value  of  the 
Banca  product : 


1882 
1883 
1884 
1885 
1886 
1887 
1888 


Total 

Produced, 

In  1000 

Plkols. 


70 

67 

67.1 

70.1 

70 

70 

70.2 


Gross  Value, 
in  1000  GuUdere. 


5,412.5 
4,649.7 
4,131.1 
4,509.7 
5,035.5 
5,869.3 
5,940.9 


Net  Value, 
in  1000  Guilders. 


5,121.3 
4,416.5 
3,922.3 
4,287.4 
4,785.3 
5,610.3 
5,686.7 


According  to  mercantile  sources  the  Banca  and  Billiton  exports 
were  as  follows  (in  Java  pikols  of  62  kg.) : 


1884. 
1885. 
1886. 
1887. 
1888. 
1889. 


Banca. 


65,018 

70,974 

74,510 

61,357 

76,552* 

81,052 

77,090t 

89,193 

84,397 

77,840 

90,000 

96,197 

Billiton. 


*  74.5  per  cent,  from  Government  mines, 
f  70.5  per  cent,  from  Government  mines. 
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EX  PL  OSIONS  FR  OM  UNKNO  WN  CA  USES. 

BY  GEORGE  ROSS  GREEN,  EAST  ORANGE,  N.  J. 

(Cleveland  meeting,  January,  1891.) 

[In  discussion  of  the  paper  of  Mr.  J.  C.  Bayles,  read  at  the  New 
York  meeting  of  September,  1890,  Trans.j  xix.,  p.  18.] 

It  is  often  so  difficult  to  locate  the  causes  of  failures  of  machinery 
and  apparatus  which  can  be  examined  and  studied  at  leisure,  that  it 
is  not  surprising  that  the  causes  of  explosions  should  escape  detection. 
Usually  the  explosion  is  the  first  evidence  that  anything  is  amiss, 
and  the  time  for  observing  the  conditions  is  necessarily  brief. 

An  incident  in  a  welding-works  near  Essen,  Germany,  might  be 
cited  as  exemplifying  what  trifling  causes  may  lead  to  disaster,  and 
how  difficult,  under  the  most  favorable  conditions,  it  may  be  to  dis- 
cover them. 

A  blowing-engine  was  arranged  with  two  suction-pipes  at  each 
end  of  the  blowing-cylinder — one  leading  to  the  air,  and  the  other 
to  the  gas-holder.  Each  pipe  was  provided  with  a  valve,  and  all 
were  so  adjusted  that  the  cylinder  drew  in  gas  and  air  in  the  pro- 
portions found  most  advantageous.  The  gases  from  the  cylinder 
were  carried  directly  to  the  furnace  through  suitable  pipes,  and  while 
the  cylinder  was  provided  with  relief- valves,  every  effort  was  made 
to  prevent  explosions,  principally  by  compressing  the  gases  to  a 
point  where  the  rate  of  efflux  of  the  mixture  was  greater  than  the 
velocity  of  combustion,  if  the  expression  is  here  allowable. 

It  was  found  that  the  apparatus  would  work  satisfactorily  for  some 
time,  and  then  the  relative  proportions  of  the  mixture  would  change, 
and  an  explosion  might  have  been  the  result.  Experiments  con- 
suming days  were  made  to  discover  a  method  of  averting  this  dan- 
ger, but  they  were  unsuccessful,  until  it  was  observed  that  the 
change  in  the  composition  of  the  mixture  of  gas  and  air  took  place 
when  the  gasometer  began  to  rise  or  fall — the  back-pressure  due  to 
friction  when  the  holder  was  rising  or  its  absence  when  falling  being 
sufficient  to  change  the  conditions.     As  soon  as  this  was  discovered, 
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the  remedy  was  soon  found.  A  metal  disc,  with  a  comparatively 
small  hole  in  its  center,  was  placed  in  the  gas-pipe  close  to  the 
cylinder,  and  the  gas  was  drawn  through  this. hole,  with  so  much 
effort  that  the  trifling  change  in  the  gasometer-pressure  was  without 
appreciable  effects. 

Had  an  explosion  occurred  before  this  discovery  was  made,  it 
would  probably  have  been  classed  among  the  unexplainable. 

A  blast-pipe  explosion  occurred  recently  under  very  similar  con- 
ditions, and  in  the  same  establishment,  as  that  described  by  Dr. 
Bayles.  I  was  not  present  at  the  time,  but  I  heard  the  report,  and 
was  on  the  ground  a  few  seconds  later.  The  pipe  is  400  feet  long, 
of  16-inch  spirally- welded  tubes.  Air  is  supplied  to  the  pipe  by  a 
No.  9  Sturtevant  pressure-blower  through  a  Y,  130  feet  from  one  end. 
The  blower  is  in  a  separate  room,  and  it  draws  air  through  holes  in 
the  roof  The  pipe  is  tapped  every  14  feet,  but  the  last  70  feet  of 
the  longer  end  was  not  in  use,  and  formed  practically  a  dead  end. 
Each  end,  however,  of  the  pipe  was  closed  with  a  cast-iron  blank 
flange  having  a  hole  in  its  center,  through  which  air  was  constantly 
issuing.  Any  gas  that  might  find  its  way  into  the  pipe  would  pre- 
sumably escape  through  these  holes. 

The  line  had  been  in  entirely  successful  use  about  a  year,  when, 
one  morning  in  December  last,  the  explosion  took  place  in  the  dead 
end.  The  cast-iron  flange  was  blown  into  many  pieces,  several 
leaving  deep  impressions  in  the  brick  wall,  while  one  piece  passed 
through  a  stove  about  50  feet  away.  Fortunately  no  one  was  ser- 
iously hurt.  The  explosion  confined  itself  to  the  last  10  feet  of  the 
dead  end,  and  especially  to  the  last  18  inches,  which  were  expanded 
into  the  form  of  an  irregular  sphere — the  circumference  being  8J 
inches  greater  than  formerly — but  without  bursting  the  pipe. 

It  was  supposed  that  gas  found  its  way  into  the  pipe  from  a  special 
burner  that  had,  however,  been  successfully  used  for  months ;  but, 
supposing  this  to  be  the  case,  why  should  the  explosion  take  place 
in  the  last  18  inches  of  the  pipe,  where  there  was  a  hole  for  the  escape 
of  gas?  Could  it  have  been  a  dust-explohion,  and  in  either  case, 
what  ignited  it  ?  No  further  trouble  has  been  experienced,  although 
the  conditions  remain  the  same,  so  far  as  known. 

An  explosion  took  place  in  the  purifier-house  of  The  Sherbrook 
Gas  and  Water  Company's  works  a  few  months  ago,  under  rather 
peculiar  circumstances,  and  the  facts  in  this  instance  may  serve  to 
illustrate  other  dangers  of  gas-purification  than  those  in  the  paper 
under  discussion. 
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This  company  has  two  holders ;  and  when  one  was  about  filled^ 
an  employee  was  sent  to  turn  the  gas  from  this  into  the  empty  one. 
He  however^  closed  both  valves^  and  the  gas  broke  the  seals  in  the 
purifiers  and  escaped  into  the  room.  This  room  adjoiqs  the  genera- 
tor-house, and  is  separated  from  it  by  a  heavy  brick  wall,  there  being 
neither  doors  nor  other  communication  between.  An  employee 
from  outside  started  into  the  purifier-room ;  and  upon  his  opening 
the  door,  an  explosion  immediately  took  place;  the  building  was 
wrecked,  and  one  man  was  killed  by  falling  walls. 

Investigation  showed  that  there  was  no  fire  in  the  room ;  and  the 
explanation  that  the  explosive  mixture  had  escaped  into  the  genera- 
tor-house through  the  wall  and  had  there  become  ignited  and  com- 
municated the  flame  to  the  gases  in  the  purifier  room  was  not  at  all 
satisfactory  to  the  gas  company. 

The  matter  is  still  under  investigation,  both  by  the  gas  company 
and  the  local  authorities. 

This  company  has  experienced  several  small  explosions  which  they 
can  account  for  in  no  other  way,  than  by  the  theory  that  gas  and 
air  in  certain  proportions  and  under  certain  conditions  are  sponta- 
neously explosive. 

Explosions  attended  with  more  or  less  mystery  occasionally  occur 
in  the  sewers  of  cities.  These  explosions  are  due  to  illuminating- 
gas  which  has  escaped  from  the  mains  and  collected  in  the  sewers  and 
subways. 

How  it  becomes  ignited  is  usually  not  known — a  spark  from  a 
horse's  hoof  or  a  lighted  cigar  has  been  advanced  as  a  possible  source 
of  fire ;  but  many  of  these  explosions  occur  under  conditions  which 
necessitate  our  seeking  other  explanations. 

However  closely  the  engineer  may  investigate,  he  must  acknowl- 
edge that  there  are  many  things  connected  with  gas-explosions  which 
are  yet  to  be  learned.  During  my  investigation  of  this  subject,  engi- 
neers have  suggested  pyrophoric  iron  in  the  oxide  as  a  cause  of 
purifier-explosions  ;  others  suggest  pyrites ;  and  others  again  speak 
vaguely  of  certain  subtle  and  unstable  gaseous  combinations  which 
are  readily  dissociated,  and  cause  spontaneous  combustion. 

While  this  last  theory  is  not  one  that-the  average  engineer  is  will- 
ing to  accept,  yel  from  the  evidence  presented  he  may  draw  one  con- 
clusion. It  is  not  possible  to  be  too  careful.  Many  of  the  gas- 
explosions  which  seem  so  mysterious  are  no  doubt  due  to  quite 
simple  causes  which  perhaps  are  overlooked  because  so  obvious. 

Another  point  presents  itself:  none  but  the  most  careful  and 
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thoughtful  men  should  have  charge  of  work  in  gas-plants.  I  saw  a 
private  water-gas  plant  in  Brooklyn  a  year  or  so  ago  being  operated 
for  pure  water-gas.  The  man  in  charge,  however,  was  blowing  air 
through  the  cosA  at  the  same  time  that  he  was  passing  steam  ;  and 
he  was  entirely  unconscious  tliat  the  product  was  a  mixture  of  pro- 
ducer- and  water-gases.  He  had  erected  and  piped  the  apparatus 
himself  (without  any  previous  experience  whatever  in  gas-manufac- 
ture), and  had  it  so  arranged  that  an  explosion  was  both  possible 
and  probable.  That  he  had  escaped  one,  can  be  attributed  only  to 
the  habit  of  this  subtle  and  insidious  compound  to  do  the  unex- 
pected. 


CBINE8E  SILVERMLNIKG  IN  MONGOLIA. 

BY  H.   F.   DAWES,   ENGLEWOOD,   N.   J. 

(Cleveland  Meeting,  June,  1891.) 

In  China  all  minerals  are,  theoretically  at  least,  the  property  of 
the  Emperor,  and  the  Imperial  permission  must  begot  from  him  for 
the  privilege  of  working  them.  A  direct  tax  is  levied  on  this 
privilege,  and  by  simple  command,  the  Emperor  can  close  a  mine  at 
any  time. 

Occult  geomantic  influences  are  a  large  factor  in  determining  the 
opening  or  the  arbitrary  closing  of  a  mine.  The  location  with  ref- 
erence to  points  of  the  compass,  graves  and  natural  objects,  may  be 
really  or  professedly  considered  as  indicating  that  those  influences 
are  favorable  or  unfavorable.  The  consequence,  is,  of  course,  that 
for  the  authorization  and  encouragement  of  any  considerable  enter- 
prise, friends  at  court,  practical  politics,  and  more  or  less  bribery,  are 
required.  As  a  result,  most  Chinese  mining  is  illicit,  and  is  carried 
on  in  a  small  way  only.  Often  along  a  single  vein,  or  over  a  small 
section  of  mining  country,  a  few  individuals  obtain  rights  over  all  the 
openings,  most  probably  by  loaning  money  to  the  head-men  of  the 
operators  and  holding  the  mines  as  security  for  the  debt.  In  such 
cases,  perhaps,  for  better  security,  all  the  ore  is  reduced  in  the  works 
established  by  the  creditors,  who  also  handle  all  silver  produced.  As 
the  head-men  are,  for  the  most  part,  improvident,  and  the  laws  and  cus- 
toms for  the  collection  of  debts  are  stringent  and  peculiar,  the  "  office- 
men^'  or  creditors'acquire  in  time  what  is  practically  an  ownership  of 
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the  mines.  Workings  are  often  abandoned,  and  the  title  to  them  is 
passed  back  to  the  office-men.  They  are  also  transferable,  with  the 
permission  of  the  office-men,  and  the  new  operator  usually  assumes 
all  debts  of  the  previous  holder.  If  he  is  not  known,  he  must  pay 
the  debts  on  taking  possession  ;  but  they  are  a  home-staying  people 
for  the  most  part,  and  unknown  men  seem  to  be  the  exception ;  so 
the  debt  usually  runs  on  for  the  new  man,  until  transferred  again  or 
cancelled. 

The  office-men  have  a  large  organized  force,  part  at  the  reduction- 
works  and  part  at  the  mines.  The  former  part  consists  of  book- 
keepers, store-keepers  (for  the  office-men  supply  the  head-men  in 
great  part  with  tools  and  materials),  and  representatives  of  the  office 
to  oversee  all  details  of  the  reduction  of  the  ore,  and  last,  but  by 
no  means  least,  watchmen  who  are  present  day  and  night  in  every 
section  or  department.  The  mine-force  usually  consists  of  an  inspec- 
tor and  watchman  for  each  opening ;  but  when  the  openings  are 
isolated,  or  when  inspectors  or  watchmen  are  increased  because  the 
mine  is  in  bonanza,  a  cook  and  other  functionaries  are  added.  The 
inspector  watches  the  interests  of  the  office-men,  sees  that  the  terms 
of  the  contract  are  fulfilled,  is  on  hand  when  ore  is  being  taken  out, 
reports  daily  on  the  appearance  o!  the  headings,  and  keeps  the  office 
thoroughly  posted  upon  matters  in  his  district. 

The  contractor  or  "  head-man  "  hires  his  own  miners,  watchmen 
and  others,  as  is  the  case  in  the  United  States. 

The  following  is  a  translation  of  a  contract  between  "office-men  " 
and  "  head-man.'' 

'*  Yang  Hue!  Kuai  asks  for  the  old  shaft  of  Ti  Tzu  Hao ;  he  will  carry  out  all 
the  water  and  waste  rock  from  the  bottom  of  Jthe  shaft ;  he  must  clean  it  all  out  be- 
fore beginning  to  work  in  ore. 

**  The  first  silver  produced  to  the  amount  of  500  taels,  no  matter  whether  pro- 
duced from  ore  or  concentrated  waste,  the  office«men  are  to  receive  two-and-a-half- 
tenths  and  the  head-man  seven -and  a- half- tenths. 

*'  Dednctions  for  smelting-expenses,  tools  and  other  things  supplied  will  be  made 
according  to  the  old  rnles. 

*'  All  silver  produced  after  the  first  500  taels,  no  matter  whether  from  ore  or  con- 
centrated waste,  the  office-men  are  to  receive  three-tenths  and  the  head-  man  seven- 
tenths. 

^  Deduction  for  smelting-ezpenses,  tools  and  other  things  supplied  will  be  made 
according  to  the  old  rules. 

**  If  he  stops  work  the  place  will  be  kept  for  him  half  a  month,  and  if  work  is 
stopped  for  a  longer  time  it  will  be  given  to  some  one  else.  He  will  not  be  al- 
lowed to  eat  the  slags  or  shares  of  a  new  man  [t.e.,  if  he  forfeits  his  contract,  he 
cannot  approach  the  new  man  to  whom  the  place  may  be  given,  for  a  sublease, 
or  make  any  claim  on  him  for  debts  contracted  while  working  there].    He  will  not 
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be  allowed  to  beat  a  flying  hammer  [i.e.,  he  must  confine  his  work  to  the  exact 
locality  indicated  in  the  contract  and  not  work  elsewhere]  ;  he  will  not  be  allowed 
to  keep  ore  in  the  shaft,  but  must  send  it  to  the  office-men  as  fast  as  it  is  produced, 
and  all  old  and  new  waste  must  be  sent  to  the  surface  and  not  stored  underground. 

"  It  has  been  found  in  the  shaft  that  there  is  a  south  drift,  a  north  drift,  a  small 
north  drift  and  others,  and  if  they  be  leased  to  others,  they  will  all  use  the  same 
entrance.  In  that  case  he  must  not  prevent  them  from  using  this  entrance,  nor  in 
any  way  make  trouble  with  them ;  if  he  does  he  will  then  be  sent  to  the  magistrate 
for  punishment. 

**  T^is  is  settled  face  to  face,  publicly ;  and  there  must  be  no  repentance. 

'*  Work  must  be  begun  on  this  date. 

"  We  keep  a  copy  as  proof,  which  will  be  sent  to  the  head-watchman. 

''  Written  by  Hsin  Chin  Chung  on  the  3d  day  of  the  10th  moon  of  the  13th  year 
of  Kuang  Hsu.'' 

In  general  all  contracts  are  about  the  same,  and  provide  for  miner- 
like  working  (though  in  none  of  them  is  timbering  mentioned),  and 
for  forfeiture  if  work  be  suspended  for  a  stated  time.  In  the  con- 
tract given  above,  there  is  a  clause  releasing  any  subsequent  con- 
tractor from  all  debts  contracted  by  the  present  one.  The  absence 
of  this  clause  in  many  of  the  contracts,  and  its  presence  in  this  and 
some  others,  shows  that  9ome  liability  for  old  debts  exists,  unless 
disclaimed  ;  and  though  such  liability  is  described  in  some  of  the 
contracts  to  be  a  ''  bad  custom,"  the  usage  still  has  a  recognized 
legal  weight. 

In  Mongolia,  north  of  the  Great  Wall,  there  are  a  number  of  sil- 
ver-mines, some  run  in  a  very  small  way  by  squatters,  and  others 
more  extensively  by  a  sort  of  company.  The  country  is  hilly,  more 
or  less  rugged,  and  for  the  most  part  devoid  of  trees.  The  elevation 
of  the  narrow  sandy  valleys  is  about  1000  feet  above  sea-level,  and 
the  highest  mountains  seldom  reach  4000  feet.  The  climate  has  two 
seasons^  a  wet  and  a  dry.  Apart  from  the  almost  total  absence  of 
snow  in  winter  (a  fall  of  two  inches  of  light  feathery  snow  being  con- 
sidered a  severe  snow-storm),  and  general  dryer  atmosphere,  it  is  very 
like  New  York  and  vicinity  in  ordinary  years  ;  the  summer  tempera- 
ture often  reaching  90^  F.  in  the  shade,  and  during  the  winter  being 
often  at  zero. 

The  miners  live  in  one-story  houses,  built  of  stone,  cemented  with 
mud.  Outside  and  inside  are  plastered  with  mud  mixed  with  straw, 
to  which  lime  is  sometimes  added  ;  and  the  roofs  are  of  thatch,  not 
sewed  on,  but  laid  like  shingles,  beginning  at  the  eaves,  and  weighted 
down  with  poles  and  stones,  which  do  not  always  keep  it  in  place 
against  sudden  gusts  down  the  gulches.  In  such  houses  many  live, 
huddled  like  sheep;  but  as  long  as  they  get  their  daily  allowance  of 
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boiled  millet,  with  some  fresh  vegetables  in  summer-time,  a  few 
ounces  of  pork  meat  and  fat  twice  a  month,  and  occasional  cakes  of 
wheat  flour  on  feast  days,  they  seem  content. 

A  promising  outcrop  is  usually  the  starting-point  of  the  mining 
work.  As  soon  as  the  miners  have  run  in  on  it  far  enough  to  be 
under  cover,  they  have  in  most  cases  sunk  on  it,  probably  following 
the  ore  or  the  most  promising  indications.  On  some  veins,  which  cut 
right  across  hills  of  considerable  size,  the  conditions  were  goo5  for 
working  by  adit;  but  in  no  case  was  advantage  taken  of  this.  The 
shafts  are  more  or  less  irregular,  though  some  lifts  of  60  feet  or 
more  are  exceptions,  following  small  seams  of  spar,  and  in  some 
eases  merely  the  clay  selvage.  The  timbers  are  about  3  inches  in 
diameter,  and,  when  not  used  for  shoring  up  bad  ground,  are  placed 
across  the  ends  of  the  shaft  about  2  feet  apart  and  alternately  from 
one  end  to  the  other,  to  serve  as  ladders.  In  unproductive  ground 
the  shafts  are  never  more  than  3  feet  long.  In  open  stopes  stulls 
are  similarly  placed  for  climbing  about  on.  They  serve  much  better 
for  ladders  than  the  Mexican  notched  pole,  can  be  travelled  over 
more  quickly  and  with  heavier  loads.  When  the  vein  is  more  flat, 
stulls  are  often  set  opposite  each  other,  and  on  the  foot-wall  side  a  . 
stick  thrown  across  them  serves  as  a  foot-rest.  When  the  vein  is 
flatter  yet,  steps  are  cut  directly  in  the  foot-wall,  and  timbers  are 
dispensed  with  entirely,  unless  needed  for  bad  ground. 

Cottonwood,  chestnut,  willow,  oak,  pine,  and  black  walnut  grow 
in  the  region,  but  not  plentifully,  and  consequently  timbers  are  more 
or  less  expensive.  Willow  seems  a  favorite  and  lasts  well  under- 
ground. Very  few  large  timbers  are  used.  In  bad  ground,  the 
galleries  being  for  the  most  part  small,  the  operators  seem  willing 
to  take  their  chances  of  caving ;  but  such  shoring  as  is  used  when 
absolutely  necessary  is  of  the  flimsiest  eharadter.  The  galleries  are 
about  3  feet  high  and  2  feet  wide,  just  of  the  size  that  a  man  can 
easily  work  in,  seated  on  the  floor  or  a  small  block  of  wood.  As 
little  waste  dirt  as  possible  is  carried  to  the  surface,  abandoned 
workings  being  usually  packed  with  it.  Even  galleries  in  use  are 
gradually  filled,  so  as  to  leave  only  just  room  enough  to  get  through. 
No  drilling  is  done  or  powder  used,  and  all  work  is  done  by  hammer 
and  chisel.  The  hammers  are  of  cast-iron,  weighing  6  to  8  pounds, 
with  handles  6  inches  long,  and  the  chisels'*^  are  of  iron,  tipped  with 

*  These  chisels  have  pyramidal  points  and  resemble  the  Eisen  ohne  Helm  of  the 
German  miners,  for  which  there  seems  to  be  no  exact  English  name.     Oad  involves 
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steely  sharpeDed  at  the  forge  and  tempered.  The  hammer-heads  are 
worn  in  a  short  time  into  cup-shaped  depressions,  which  the 
miners  seem  to  think  reduce  the  danger  of  missing  the  chisel-head. 
They  dislike  excessively  to  break  their  skins  so  that  blood  flows. 

All  the  work  is  single-handed.  The  miner  always  sits  while  at 
work,  with  his  lamp  hanging  from  a  twig  wedged  across  the  drift 
in  a  convenient  position.  Many  of  the  lamps  are  beaten  out  of  lead, 
filled  with  peanut  oil  and  provided  with  twisted  cotton  wicks, 
which  they  spin  themselves  by  hand.  The  waste  that  has  to  be 
taken  to  the  surface  is  carried  up  in  small  shallow  baskets  on  the 
shoulders  of  boys ;  poor  ore  is  always  taken  up  in  this  way  and  sorted 
on  the  surface  near  the  mouth  of  the  workings,  while  first-class  ore 
is  sacked  underground  and  taken  to  the  head-men  in  small  lots  as 
fast  as  extracted.  Most  frequently  rich  ore  must  be  taken  from  the 
vein  only  in  the  presence  of  the  inspector.  When  60  or  more 
pounds  are  collected  it  is  carried  to  the  storehouse  of  the  office-men 
as  provided  in  the  contract. 

Although  the  work  is  slow,  the  wages  are  low ;  and  the  head-men, 
by  pawning  their  clothes  and  stretching  their  credit,  can  go  through 
a  good  deal  of  unproductive  ground.  That  which  gives  them  the 
hardest  fight  and  ultimately  stops  their  work  is  water.  Yet  they 
can  handle  a  good  deal  of  water  after  their  own  fashion,  when  the 
lift  is  not  too  great.  They  place  in  the  incline  a  series  of  boxes 
constructed  of  planks  ripped  out  by  hand  and  made  water-tight 
with  a  putty  of  oil  and  white  clay.  These  are  set  in  steps  about 
3  feet  apart,  and  extend  from  the  sump  to  a  point  where  the  water 
will  run  out  to  the  surface.  On  each  of  these  stands  a  man  who, 
with  a  closely-woven  willow  basket,  holding  about  4  gallons,  takes 
the  water  from  the  box  on  which  he  stands  and  empties  it  into  the  one 
above  him,  and  so  on  until  it  reaches  the  surface.  Bailing  goes  on 
rapidly,  with  intermissions  for  rest,  and  when  the  work  is  in  full 
swing  water  enough  runs  out  to  fill  a  3- inch  pipe.  This  is  the 
hardest  work  in  the  mine,  and  is  done  by  bailers,  who  are  deeemd 
inferior  to  the  miners.  The  stint  for  each  bailer  is  1000  baskets 
per  shift.  A  considerable  quantity  of  water  can  be  handled  in  this 
way  ;  but  in  spite  of  the  low  wages  it  is  a  serious  expense,  and 
unless  the  deep  workings  are  particularly  rich  they  are  often  aban- 
d(med  during  the  rainy  season,  to  be  bailed  out  (if  their  extent  does 

usually  the  notion  of  a  wedge,  and  bit  or  drill  that  of  a  revolving  tool,  which  makes 
a  hole;  whereas  these  simplj  chip  or  dress  the  rock.  They  are  from  8  to  18  inches 
long. 
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not   forbid    such   a  course)  and  worked  again  during  the  winter 
months. 

The  ore  collected  in  the  ore-house  is  taken  out  from  time  to  time 
for  treatment^  the  times  depending  on  the  state  of  the  exchequer, 
the  quantity  of  ore  on  hand  and  the  time  of  the  year,  just  before 
New  Year  being  the  time  of  the  greatest  activity  in  the  smelting- 
yard.  As  a  rule  small  lots  of  about  100  pounds  are  treated  at  a 
time.  All  ore  is  first  roasted  and  then  smelted  for  base  bullion, 
after  which  the  base  bullion  is  refined. 

The  roasting- kilns  are  circular,  built  of  sun-dried  brick  set  up  in 
open  checker-work,  and  about  4  feet  high  and  6  feet  in  diameter. 
After  erection  they  are  plastered  outside  and  inside  with  mud  mixed 
with  chopped  straw,  a  place  being  left  (to  be  closed  with  loose  brick) 
for  the  removal  of  the  charge.  One  such  furnace  lasts  through 
many  roastings. 

All  the  brick  used  are  of  ordinary  clay,  rammed  into  wooden 
moulds  with  a  heavy  stone  rammer,  and  dried  in  the  sun.  No 
straw  is  mixed  with  them  and  no  water  is  used  in  their  making,  as 
the  clay,  when  freshly  dug,  is  moist  enough  to  stick  together  under 
the  rammer.  The  floor  of  the  kilns  is  slightly  depressed  in  the 
center,  to  collect  the  lead  which  is  often  reduced  in  them  when  rich 
ores  are  roasted.  On  the  floor  is  spread  a  layer  of  charcoal  a  few 
inches  thick ;  on  this  a  few  inches  of  ore,  and  so  on  until  all  the  ore  is 
charged.  The  coal  is  then  fired  and  burns  until  burnt  out.  The 
fire  is  a  hot  one  and  the  roasting  is  of  necessity  imperfectly  done, 
much  of  the  ore  melting  and  some  being  reduced.  The  lumps  in 
the  roasted  charges  are  broken  and  picked  over,  pieces  being  put 
aside  for  re-roasting,  and  the  rest  is  then  smelted  in  the  blast- 
furnace. 

The  beginning  of  a  blast-furnace  is  a  circular  depression  in  the 
clay  floor  of  the  smelting-yard,  some  18  inches  in  diameter  and  4 
inches  in  depth,  in  whroh  sifted  wood  ashes  are  pressed  to  make  a 
shallow  cup.  Around  this  a  wall  is  erected  of  one  thickness  of  mud 
brick,  set  on  end  and  plastered  together  with  clay  mixed  with 
ehopped  straw.  The  furnaces  are  conical  in  8ha{)e,  with  throats  about 
9  inches  in  diameter,  and  stand  about  3  feet  high.  One  tuyere- 
hole  is  left  near  the  bottom ;  and  above  this  hole,  on  the  inside  of 
the  furnace,  wedge-shaped  bricks  are  built  into  the  wall,  projecting 
to  the  center  of  the  furnace,  so  that  the  descending  charge  or  drop- 
ping slag  may  not  clog  the  tuyere.  The  funnel  is  plastered  inside 
and  out  with  clay  mixed  with  chopped  straw,  and  when  it  has  been 
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thoroughly  dried  and  heated  by  a  small  fire  in  the  hearth,  more 
charcoal  is  put  in,  the  wind-box  is  set  in  place  and  connected  with 
the  tuyere,  blast  is  put  on  and  charcoal  and  roasted  ore  are  added,  at 
the  discretion  of  the  head-man.  Bottoms  from  the  cupeUfurnaoes 
are  also  added,  to  furnish  lead  for  collecting  the  silver;  and  the 
unreduced  litharge  acts  also  as  a  flux  for  the  gangue  of  the  ore. 
Slag  flows  from  a  hole  near  the  bottom,  which  is  kept  open  as  long 
as  the  blast  is  on.  Lead  often  runs  out,  sometimes  from  cracks  that 
open  in  the  stack ;  but  the  yard  is  clean  and  nothing  is  lost,  except, 
of  course,  that  which  is  vaporized  or  passes  into  the  slag.  When 
the  lot  has  been  run  through,  the  wind-box  is  taken  away,  water  is 
freely  dashed  in  the  furnace,  and,  when  cool  enough,  it  is  torn  down, 
the  cake  of  lead  is  taken  out  of  the  bottom  and  the  debt-is  is  care- 
fully sorted  over  by  hand.  All  the  lead  is  saved,  and  part  of  the 
charge  remaining  is  put  aside  to  be  crushed  and  washed  for  re-smelt- 
ing. The  base  buillion,  beaten  and  cleaned  from  adhering  slag  and 
ashes,  is  then  ready  for  refining  in  a  cupelling-furnace. 

On  the  floor  of  the  yard,  wood-ashes  are  sifted  through  a  horse- 
hair sieve  into  a  conical  heap  some  3  feet  in  diameter.  This  is  con- 
solidated by  pressure* of  the  foot;  the  top  is  levelled  off  and  a 
shallow  basin  is  scooped  in  it  with  a  wooden  hoop;  around  the  base 
mud-brick  are  set  on  their  sides  in  close  order,  save  at  a  place  in 
front,  which  is  left  open  to  serve  as  a  door.  On  top  of  the  mound 
and  around  the  basin  are  also  set  mud-brick, but  in  open  order;  and 
across  them,  so  as  to  cover  the  basin,  are  laid  mud-brick  of  full  size ; 
just  before  putting  on  this  cover  the  base  bullion  is  put  in,  with 
paper  under  it  to  keep  it  from  bruising  the  ashes.  Inside  the  little 
wall  around  the  base  charcoal  is  then  piled,  and  enough  is  thrown 
on  to  give  the  whole  a  rounded  dome-shape,  the  top  being  some  12 
inches  above  the  basin  cover.  The  charcoal  is  ignited  at  the  front 
near  the  door,  and  the  whole  thing  is  plastered  over  with  clay  mixed 
with  straw,  leaving  a  hole  at  the  top  9  iniches  in  diameter.  Ajs 
the  bullion  melts,  the  clay  coating  becomes  baked  by  the  burning 
charcoal,  and  as  the  cupelling  continues  and  the  charcoal  settles 
down,  the  dome  supports  itself  and  conflnes  and  radiates  the  heat. 
If  there  be  not  sufficient  charcoal  originally  to  carry  the  refining  to 
the  end,  more  is  added  from  time  to  time  through  the  hole  in  the  top. 
The  operation  is  carefully  watched  through  the  doorway,  and  pieces 
of  charcoal  and  unabsorbed  dross  are  skimmed  off  with  iron  tools. 
Natural  draught  alone  is  used,  and  the  silver  produced  is  usually 
above  .980  fine.    Small  lots  of  base  bullion,  of  10  pounds  or  less, 
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are  refined  on  wood-ash  basins^  by  piling  charcoal  about  them  with- 
out any  covering,  and  using  the  blast  from  a  small  wind-box,  the 
blast  being  delivered  right  over  the  melted  bullion  through  a  clay 
nozzle.  The  refined  silver  is  then  weighed  into  the  ofiSce,  credits 
are  given,  accounts  adjusted,  and  it  is  then  turned  over  to  the 
melter  to  turn  into  currency. 

Current  silver  is  of  two  kinds,  about  .998  fine  and  about  .980  fine. 
The  finer  is  cast  into  what  are  called  '^  shoes ''  of  about  60  taels 
(nearly  67  oz.  troy),  on  which  are  stamped  the  name  of  the  makers, 
the  name  tc^ether  with  the  external  appearance  being  their  only 
guaranty.  Much  of  the  silver  made  is  not  considered  good  enough 
for  ''shoes,"  so  it  is  alloyed  with  copper  for  the  lower  grade  and  the 
kind  most  usually  seen. 

The  melter's  furnace  is  dome- shaped,  and  is  built  of  burnt  brick, 
open  in  front  to  the  room,  and  having  a  chimney  from  the  top  run- 
ning outside.  It  is,  in  principle,  very  like  a  blacksmith's  forge,  and 
is  blown  by  a  wind-box  with  a  single  tuyere.  The  fuel  is  anthracite 
from  Peking,  of  pea-size,  in  which  are  imbedded  the  small  clay  cups 
used  for  melting.  The  cakes  from  the  cupelling-furnaces  are  cut  up 
with  a  cold  chisel  on  the  anvil,  or,  if  not  too  thick,  with  large  iron 
shears;  and  when  the  silver  is  fine  enough,  it  is  weighed  out  with 
the  proper  proportion  of  granulated  copper  into  a  partitioned  tray 
for  melting.  The  fineness  is  judged  by  the  eye  according  to  the  ap- 
pearance of  the  bullion  when  cut  with  a  cold  chisel,  long  practice 
having  given  the  melters  considerable  skill  in  this  particular.  When 
not  sufficiently  fine,  saltpeter,  with  some  sand  and  salt,  are  added  to 
the  melted  silver  and  the  slag  is  skimmed  ofi:  Small  ingots,  about 
6  ozs.  in  weight,  are  cast  in  hemispherical  iron  moulds,  and  these, 
when  cleaned  up,  and  usually  deeply  scored  on  the  round  side  with 
a  cold  chisel,  to  show  the  interior,  are  current. 

The  only  Chinese  coin  is  the  copper  cash.  Silver  is  current  by 
weight,  the  unit  being  the  tael,  nominally  corresponding  to  our  ounce ; 
but  the  weight  of  the  tael  varies  in  difierent  parts  of  the  country, 
and  even  between  different  cities  in  the  same  province ;  and  there  is 
also  a  difference  between  the  governmental  and  the  local  tael.  These 
discrepancies  afford  the  means  of  livelihood  to  many  money-changers 
or  brokers. 

One  is  often  reminded  of  the  Mexicans  when  watching  Chinese 
miners.  They  show  the  same  keenness  in  following  ore,  the  same 
dislike  for  severe  labor,  and  the  same  improvidence.  The  conditions 
under  which  they  work,  on  the  other  hand,  are  different,  as  are  also 
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tbe  meaDS  for  accomplishing  their  ends.  In  spite  of  their  boasted 
civilization,  these  means  seem  to  us  extremely  primitive,  although 
long  working  in  the  same  grooves  has  given  them  considerable  skill, 
which  partially  offsets  their  obvious  disadvantages. 

The  opening  of  the  Tung  Shang  colliery,  the  extension  of  the  rail- 
road from  Lu  Tai  to  Ta  Ku  and  Tientsin,  and  the  building  of  the 
harbor  and  dry  dock  at  Port  Arthur,  have  drawn  attention  to  China, 
and  have  given  rise  to  speculation  as  to  wliether  these  would  not  prove 
entering  wedges  of  western  civilization,  and  possibly  lead  to  the  ex- 
tensive working  of  Chinese  mines  after  the  '^  foreign  fashion/'  But 
the  Chinese  are  an  intensely  conservative  people,  and  back  of  the 
people  is  the  government,  whose  very  life  depends  upon  keeping 
things  as  they  are.  Hence,  their  policy  is  against  granting  conces- 
sions of  any  kind,  and  from  the  present  outlook  it  seems  extremely 
doubtful  whether  a  foreigner  can  obtain  any  interest  in  mines  of  any 
kind. 

That  the  country  possesses  great  mineral  wealth  cannot  be  doubted, 
but  until  the  emperor  inaugurates  a  ceremony  of  pounding  the  drill, 
like  that  which  he  now  performs,  of  turning  a  furrow  every  spring 
with  a  plow,  and  thereby  dignifies  and  sanctions  mining,  its  develop- 
ment promises  to  be  desultory  and  slow. 


METHOD 8  OF  WOBKINQ  AND  SURVEYING  THE  MINES  OF 
THE  LONQDALE  IBON  COMPANY,  VIBQINIA, 

BY  GUT  R.  JOHNSON,  LONGDALE,  VA. 
(Cleveland  Meeting,  June,  1891.) 

In  view  of  the  attention  now  directed  to  the  development  of  the 
iron-ores  of  Virginia,  and  of  the  frequent  reference  in  the  Drans- 
actions  of  the  Institute  to  the  Longdate  mines,  it  is  presumed  that  a 
brief  account  of  the  methods  of  working  and  surveying  these  mines 
will  be  of  interest.  For  a  better  understanding  of  such  a  descrip- 
tion, a  few  words  will  be  said  concerning  the  geological  character  of 
the  ore-deposit. 

Professor  Rogers  says  in  his  preliminary  report  of  1836,  that 
this  deposit  has  ^'  more  of  the  character  of  a  true  vein  than  is  usually 
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the  case  with  ores  of  this  sort.''  According  to  the  (now  generally 
accepted)  views  of  the  same  authority^  the  Oriskany  sandstone  (No. 
VII.  of  Rogers's  classification)  has  here  been  replaced  with  brown 
hematite  ore.  Underlying  the  ore  the  Lower  Helderberg  limestone 
should  he^  and  is  occasionally,  found  as  the  foofrwall.  Generally, 
however,  the  limestone  has  been  replaced  with  a  highly  siliceous 
clay,  which  often  runs  into  sandstone.  Overlying  the  ore,  and  form- 
ing the  hanging-wall,  is  the  Devonian  shale  (No.  VIII.  of  Rogers, 
the  Hamilton  slate  of  New  York).  This  formation  is  encountered 
in  great  thickness,  one  tunnel  having  been  driven  upwards  of  1200 
feet  through  it  to  reach  the  ore.  Near  the  ore  its  character  changes. 
It  becomes  so  much*  soft;er  as  to  be  cut  readily  with  a  knife,  while 
the  color  changes  to  blue,  red,  yellow  or  white.  Combinations  of 
all  four  colors  are  also  often  met.  Upon  exposure  to  the  air  it 
swells  and  crumbles  into  fine  particles,  the  swelling  oft;en  being  ac- 
companied by  the  breaking-down  of  one  or  more  sets  of  timbers  in 
the  mine. 

The  strike  of  the  vein  may  be  said  to  be  that  of  the  mountains, 
about  N.  45^  E.,  while  the  dip  may  be  anything  from  zero  to  90^ 
in  the  same  mine  and  within  limits  a  few  hundred  feet  apart.  The 
general  dip-direction  is  southeasterly.  The  ore  crops  along  a  dis- 
tance of  about  one  and  a  half  miles,  and  has  been  opened  in  many 
places.  Most  of  these  workings,  however,  were  open  cuts,  and  have 
long  been  abandoned,  the  ore-supply  being  drawn  at  the  present 
writing  from  two  principal  mines,  situated,  roughly  speaking,  at  each 
end  of  the  deposit,  the  one  at  the  lower  (S.W.)  end  being  much  the 
larger. 

As  the  system  of  working  and  surveying  both  mines  is  the  same, 
its  application  to  the  lower  mine  only  will  be  described. 

When  mining  was  begun  at  this  point,  the  outcrop  was  500  feet 
above  the  creek-level,  and  was  for  many  years  worked  entirely  by 
open  cuts.  As  time  went  on,  however,  the  excavation  was  carried 
so  deep  (130  feet)  that  the  cover  grew  too  heavy  and  it  became  nec- 
essary to.  obtain  the  ore  by  underground  workings.  It  was  finally 
decided  to  stope  the  ore  from  the  top  down.  This  plan  was  adopted 
in  1881,  and  has  been  followed  ever  since  with  complete  success. 

Method  op  Opening  the  Ground. 

The  method  of  attack  is  to  sink  a  test-shaft;  upon  the  ore  to  the 
depth  at  which  it  is  desired  to  drive  an  adit. 

The  line  of  least  distance  from  the  surface  to  the  ore  at  the  level 

VOL.  XX.— 7 


98  HETHODB  OF  WORKING  AND  SURyETlKG  MINES. 

chosen  (the  length  of  which  line  is  obviously  largely  governed  by 
the  height  of  the  '^  lift ''  to  be  secured)  is  then  determined^  and  the 
adit  is  driven  straight  in,  through  the  overlying  shale,  to  the  ore,  a 
distance  varying  from  300  to  1200  feet,  according  to  the  height  above 
the  creek  at  which  the  adit  is  driven.  In  Fig.  1,  which  illustrates 
the  general  method,  the  adits  are  represented,  for  the  sake  of  clear- 
ness, as  though  driven  in  upon  the  same  vertical  plane  at  different 
levels,  while  in  reality  their  entrances  are  from  one-half  mile  to  a 
mile  apart,  and  their  directions  are  not  parallel.  The  highest  adit 
was  driven  directly  upon  the  ore  from  the  bottom  of  a  ravine  which 
cut  across  the  vein.  Its  level  is  indicated  by  a  broken  line  in  the 
drawing,  the  adit  itself  only  showing  in  such  a  projection  to  the 
extent  of  its  shaded  cross-section  at  8.  The  shortest  adit  (300  feet) 
mentioned  above  is  not  shown  in  Fig.  1,  as  it  was  of  secondary  im- 
portance and  was  not  used  long. 

On  reaching  the  ore,  the  adit  is  continued  by  galleries  in  both 
directions,  following  the  bends  of  the  vein.  These,  it  may  be  re- 
marked, are  both  many  and  sharp;  many  of  the  sights  taken  during 
the  survey  of  the  mine  being  16  to  20  feet  only  in  length.  Parallel 
with  the  main  entry  or  car- level  an  air- way  is  driven  at  a  height  of 
20  feet  from  the  bottom  of  the  main  entry  to  the  bottom  of  the  air- 
way. As  the  main  entries  are  6  feet  high,  this  leaves  a  pillar  of  ore 
14  feet  thick  between  the  two  levels.  At  intervals  of  about  120 
feet  on  the  car-level,  chutes  or  winzes  are  driven  up  through  this 
pillar  to  the  air-way.  Those  chutes  are  supplied  with  spouts  and 
gates  for  loading  the  mine-cars.  Twenty  feet  beyond  each  chute,  in 
the  direction  of  the  heading,  a  second  passage,  called  the  man-way^ 
is  driven  up,  to  afford  means  of  ascent  for  the  men  who  are  working 
above. 

As  the  air-way  is  always  connected  with  the  testrshaft  above  men- 
tioned, this  system  affords  a  very  perfect  system  of  ventilation.  Of 
course,  it  is  necessary  to  keep  most  of  the  chutes  and  man-ways 
nearest  the  mouth  of  the  adit  closed,  in  order  to  force  the  incoming 
air  to  the  headings.  From  the  air-way  the  chutes  and  man-ways 
are  driven  up  until  they  reach  the  surface  in  the  bottom  of  the  old 
open-cut  workings.  This,  however,  is  not  all  done  at  once,  but  only 
as  needed  for  the  working  of  the  mine. 

At  every  10  feet  of  vertical  height  above  the  air- way  a  lateral 
level  5  feet  high  is  driven  off  along  the  ore,  thus  leaving  a  6-foot . 
pillar  under  each  drift. 
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Method  op  Winning  the  Ore. 

When  the  open-cut  workiDgs,  mentioned  above^  were  about  to  be 
finally  abandoned^  a  grillage  of  small  poles  was  laid  down  in  the 
manner  indicated  in  Fig.  4.  This  formed  a  floor  resting  upon  the 
ore  in  the  bottom  of  the  cut. 

Outside  working  was  then  discontinued  and  the  sides  were  suffered 
to  fall  in  upon  the  grillage,  after  which  the  mines  were  ready  for 
underground  working.     The  system  is  as  follows : 

The  pillar  of  ore  over  the  highest  level,  or  in  other  words,  the 
ore  left  in  the  bottom  of  the  old  cut,  is  first  attacked  and  taken  out, 
the  roof  being  supported  during  this  operation  by  heavy  props  set 
up  a  short  distance  back  of  the  working-face,  under  the  grillage 
mentioned  above,  and  standing  upon  a  similar  grillage  placed  upon 
the  ore  under  foot.  (Where  the  vein  is  horizontal  or  nearly  so,  the 
lower  grillage  may  be  omitted,  the  roof  being  allowed  to  fall  directly 
upon  the  floor,  which,  in  such  cases,  is  the  foot-wall).  This  row  of 
posts  supports  the  roof  until  the  ore  has  been  taken  out  for  a  short 
distance  ahead  of  them,  when  a  second  series  is  set  up  in  similar 
manner. 

It  is  customary  with  us  not  to  leave  the  roof  standing,  even  if  the 
props  are  strong*  enough  to  support  it  for  some  time,  but  to  cause  it 
to  fall,  by  either  '^  shooting  out''  the  props  {Le,,  breaking  them  down 
by  means  of  dynamite)  or  by  drawing  them  out  if  they  can  be 
saved. 

The  ore  that  comes  from  the  face  is  wheeled  to  the  nearest  chute, 
into  which  it  is  dumped.  Afler  the  top  pillar  has  been  robbed  for 
a  few  feet,  generally  from  10  to  20,  the  next  one  below  is  attacked 
in  the  same  way.  Every  level  in  the  mine  can  thus  be  worked 
simultaneously,  the  workings  resembling  a  series  of  10-foot  steps,  as 
shown  in  Fig.  2,  which  is  a  vertical  elevation  of  a  part  of  the  mine. 

In  this  figure  the  shaded  portion  represents  that  part  of  the  mine 
which  has  been  stoped,  the  remainder  being  ground  opened  for 
mining  but  not  yet  stoped.  The  construction  of  a  cheap  floor  or 
grillage  of  poles  is  repeated  on  every  level  to  prevent  the  sliding  of 
the  waste  from  old  caved  stopes  above.  This  floor  is,  of  course,  not 
removed  after  serving  its  temporary  but  important  purpose. 

The  ore  dumped  into  the  chute  descends  by  gravity  to  the  car- 
level,  unless  it  is  stopped  by  meeting  a  flat  place  or  '^  bench  "  in  the 
vein  and  consequently  in  the  chute.  When  this  occurs  a  rehandling 
becomes  necessary,  and  is  carried  out  in  one  of  the  three  follow- 
ing ways,  as  may  be  best  suited  to  the  ground :  When  the  bench  is 
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very  short,  one  man  can  generally  handle  the  ore  as  it  comes  down 
the  chute,  by  shovelling  it  up  and  pitching  it  forward  into  the  steep 
part  of  the  chute  again.  If  the  flat  place  is  too  long  for  this,  it  is 
wheeled  forward  in  wheelbarrows  and  again  dumped  into  the  chute. 
If  the  bench  is  too  long  to  permit  the  economical  rehandling  of  the 
ore  in  either  of  the  above  ways,  a  track  is  laid  and  a  car  brought 
into  requisition.  In  this  case  the  chute  is  provided  with  a  spout 
and  gate,  situated  at  the  end  of  the  steep  descent  above  the  bench, 
and  the  ore  is  drawn  by  means  of  these  out  of  the  chute  and  into 
the  car,  which,  when  loaded,  is  pushed  forward  by  hand  to  the  be- 
ginning of  the  second  steep  descent  in  the  chute  and  dumped. 

When  the  ore  finally  arrives  at  the  car-level,  it  is  drawn  into 
mine-cai-s,  hauled  to  daylight  and  dumped  upon  a  horizontal  screen 
of  round  iron  bars,  which  is  set  in  the  top  of  the  ore-bin  beside  the 
railroad.  The  fine  ore  falls  through  the  screen  into  a  pocket,  while 
the  lumps  remaining  upon  the  bars  are  further  broken  and  sorted 
by  hand  and  thrown  into  an  adjoining  pocket.  From  these  pockets 
the  ore  is  drawn  into  cars  on  the  railroad  leading  to  the  furnacefl, 
the  lump-ore  being  taken  directly  to  the  furnace-bins,  while  the  fine 
is  conveyed  to  the  washer. 

Methods  of  Surveying. 

As  will  be  seen  from  the  foregoing  description  of  the  mining^  sur- 
veying was  no  easy  matter,  for  the  mine  was  entered  at  four  different 
levels,  and  the  entrances  only  of  these  four  adits  could  be  connected 
by  level-  and  transit-lines.  This  left  the  inner  ends  "  in  air."  It 
was  necessary,  therefore,  to  survey  the  four  car-levels  with  transit 
and  level,  connect  their  entrances  by  an  ordinary  survey  and  then 
find  some  way  of  surveying  the  intermediate  workings,  the  chutes 
and  their  lateral  levels ;  so  that  the  inner  ends  of  the  car-levels 
might  be  thereby  connected  and  the  accuracy  of  the  work  tested. 
The  following  method,  adopted  after  thorough  discussion,  has  given 
perfectly  satisfactory  results : 

A  ba6e-line  was  laid  down  with  special  care  and  thoroughly  marked 
for  future  reference.  The  bearing  of  the  line  was  then  taken,  two 
instruments  being  used,  to  check  the  accuracy  of  the  needles.  Start- 
ing fi*om  this  base-line,  the  four  entries  were  surveyed  with  the 
transit.  The  work  was  commenced  in  the  lowest  entry.  The  instru- 
ment having  been  set  up  and  a  back-sight  taken  to  the  next  station 
behind  the  one  over  which  the  transit  was  placed,  the  telescope  was 
revolved  on  its  axis,  the  vernier-screws  were  loosened  and  the  instru- 
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ment  tamed  on  its  vernier-plate  until  the  cross-hairs  bisected  the 
light  of  the  plummet-lamp  banging  over  the  station,  of  which  the 
position  was  to  be  ascertained.  The  angle  as  indicated  on  the  ver- 
nier was  now  read,  noted  and  re-read,  after  which  the  bearing,  as 
indicated  by  the  needle,  was  noted.  If  this  agreed  fairly  well*  with 
the  course  as  calculated,  the  assistant  was  sent  back  to  the  first-men- 
tioned station,  the  vernier  was  undamped,  the  telescope  revolved  on 
its  axis  and  the  instrument  turned  on  the  vernier-plates  until  the 
flame  was  again  bisected  by  the  cross-hairs.  If  the  vernier  then 
stood  at  zero,  I  was  reasonably  sure  that  no  error  had  been  made  in 
the  angle.  The  reason  for  always  re-setting  the  instrument  to  zero 
was  that  it  was  an  old-fai?hioned  flat-centered  transit,  with  vernier 
divided  into  four  arcs  of  90^  each. 

The  angle  and  bearings  having  been  taken  as  described,  the  length 
of  the  sight  was  measured  with  a  steel  tape.  When  a  chute  or  a 
man-way  was  reached  a  large  nail  was  set  in  the  cap,  or  in  the  lag- 
ging, at  the  intersection  of  the  line  of  the  sight  then  being  taken 
with  the  prolongation  of  the  center-line  of  the  upward  passage.  The 
distance  to  this  nail  from  the  station  over  which  the  instrument  was 
standing  was  then  taken,  and  set  down  in  the  "  Notes  '^  column, 
opposite  the  station  from  which  the  measurements  were  taken.  This 
marked  the  lower  end  of  the  upward  passage,  on  the  line  of  the 
transit-survey ;  and  in  a  similar  way  the  entrance  of  the  upper  end 
into  the  tunnel  above  (or,  in  case  it  ran  out  into  the  old  workings, 
its  mouth)  was  noted,  when  the  lines  were  run  in  the  upper  car- 
levels  or  over  the  outcrop  in  the  old  cuts.  By  this  means  the  posi- 
tions of  the  ends  of  the  chutes  which  ran  from  the  lower  levels  up 
to  the  higher  ones  were  accurately  determined. 

The  plummet-lamp  used  in  this  work  is  of  the  kind  invented  by 
Mr.  Eckley  B.  Coxe,  of  the  Institute,  and  described  by  him  in  his 
paper  on  "  The  Use  of  the  Plummet-Lamp  in  Underground  Survey- 
ing^' (7Van«.,  i.,  378.)  The  stations  in  the  transit-survey  were  marked 

*  Of  course,  the  presence  of  the  iron  rails  used  in  the  car-levels  renders  the 
needle  more  or  less  unreliable.  In  this  connection,  I  would  call  attention  to  a 
somewhat  carious  experience  in  connection  with  the  needle-bearings.  Whenever 
the  work  was  carried  on  in  a  drj  section  of  the  mine,  the  needle  seemed  but  little 
affected  by  the  presence  of  the  rails ;  but  as  soon  as  water  was  encountered  in  suffi- 
cient quantities  to  make  the  track  muddj,  it  became  totally  unreliable,  variations 
of  6^  being  not  uncommon.  I  was  greatly  puzzled  by  this,  and  finally  became  con- 
vinced that  the  water  and  mud,  by  making  a  perfect  connection  between  the  rails, 
permitted  a  greater  degree  of  polarization  and  consequently  increased  the  effect  upon 
the  needle. 
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with  large  tinned  tacks,  set  in  the  ties  of  the  track.  The  ties  were 
chosen  rather  than  the  caps,  because  in  these  mines  they  are  less  apt 
to  be  disturbed  by  movements  of  the  ground.  Tinned  tacks  were 
employed  because  they  were  easy  to  find,  and,  being  flat-headed,  were 
not  readily  kicked  out  by  the  mules. 

Throughout  the  whole  survey  the  utmost  care  was  used  in  measur- 
ing, a  steel  tape  being  employed  and  every  precaution  observed  to 
prevent  any  error,  either  in  reading  or  through  not  stretching  the 
tape  tightly  enough  to  take  out  all  kinks.  In  levelling  there  was 
nothing  special  to  note,  the  most  necessary  precautions  being  to  have 
the  target  always  bright,  have  plenty  of  light  before  it,  and  take 
short  sights.  Whenever,  in  the  course  of  levelling,  an  upward  pas- 
sage was  met,  the  height  of  the  top  of  the  rail  was  noted,  and  the 
same  thing  was  done  at  its  upper  end,  thus  fixing  the  elevation  from 
top  to  bottom. 

The  sights  averaged  a  little  less  than  3  to  100  feet.  By  using  the 
above  precautions,  several  miles  of  underground  levelling  was  accom- 
plished, and  in  no  case  was  the  error,  as  determined  by  ''checking 
back  "  all  work,  greater  than  one-tenth  of  a  foot. 

In  this  way  the  four  main  levels  were  surveyed,  after  which  their 
entrances  were  connected  by  level-  and  transit-lines.  The  chutes  and 
their  lateral  levels  alone  remained  to  be  surveyed,  in  order  to  enable 
us  to  make  a  complete  map  and  test  the  accuracy  of  the  foregoing 
work.  To  do  this  with  transit  and  level  was  out  of  the  question, 
both  on  account  of  the  roughness  of  the  chutes  and  also  because  they 
were  much  too  small, — so  small  in  places  that  a  man  could  scarcely 
crawl  through  them.  But  the  ore  in  this  mine  being  brown  hema- 
tite and  non-magnetic,  permitted  the  use  of  the  magnetic  needle  on 
all  levels  and  in  all  chutes  where  there  were  no  rails.  It  was  accord- 
ingly decided  to  use  a  hanging  compass,  in  connection  with  a  clin- 
ometer, for  this  portion  of  the  survey.  After  several  trials,  I  adopted 
the  following  system  of  using  these  instruments  as  giving  the  best 
results.  Two  conditions  had  to  be  met :  first,  the  method  adopted 
must  permit  accurate,  yet  rapid  work  in  order  to  interfere  with  the 
miners  as  little  as  possible;  secondly,  by  reason  of  the  rough  and 
varying  character  of  the  ground,  the  apparatus  for  suspending  the 
compass  must  be  both  simple,  light  and  adaptable  to  varying  re- 
quirements. As  fulfilling  these  conditions,  the  following  articles 
were  used :  100  feet  of  strong  linen  line,  about  one-eighth  of  an  inch 
in  diameter,  braided  to  prevent  much  stretching  or  twisting,  and 
wrapped  upon  a  light  reel,  which  could  be  easily  carried.     This,  with 
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a  plummety  a  hatchet  and  nails^  and  three  strips  of  wood,  respectively 
4,  5  and  6  feet  long^  constituted  the  equipment.  The  survey  of  a 
chute  was  preferably  begun  at  the  bottom.  The  distance  from  the 
top  of  the  rail  to  the  nail  in  the  cap  or  the  lagging,  lefl  when  the 
transit-survey  was  made,  was  first  noted.  One  end  of  the  cord  was 
then  fastened  to  this  rail,  and  the  reel  was  carried  forward,  up  through 
the  chute,  until  the  curving,  either  horizontally  or  vertically,  of  the 
chute  caused  the  cord  to  diverge  from  the  center  line.  One  of  the 
three  wooden  strips  was  then  wedged  tightly  across  the  chute,  and 
the  cord  was  attached  thereto  and  drawn  very  taut.  A  brass  clip 
was  then  fastened  to  the  line  to  prevent  the  instruments  from  slip- 
ping to  the  bottom.  The  compass  was  next  suspended,  the  course 
was  taken,  and,  the  compass  having  been  removed,  the  clinometer 
was  substituted.  The  angle  of  inclination  having  been  noted,  the 
clinometer  was  taken  off,  and  the  distance  from  the  bottom  up  to  the 
strip  was  measured  with  a  steel  tape,  always  along  the  line.  In  case 
one  or  more  levels  were  passed  in  the  course  of  the  sight,  the  distance 
to  the  center  of  each  was  noted,  as  was  also  the  distance  they  had 
been  driven  along  the  ore.  If  they  had  been  cut  through  to  the 
next  chute,  then  the  distance  from  center  to  center  between  the 
chutes  was  taken,  as  affording  another  check  upon  the  work  in  the  ■ 
final  plotting.  All  the  measures  having  been  taken,  the  line  was 
loosened  at  both  ends,  and  the  rear  end  was  fastened  to  the  strip 
where  the  forward  end  had  been  attached,  while  the  forward  end  was 
again  carried  ahead  and  tied  to  another  strip.  At  the  end  of  the 
second  sight,  the  first  strip  was  removed  and  carried  forward,  to  be 
used  again.  If  the  chute  was  timbered,  the  cross-sticks  were  nailed 
to  the  timbers  instead  of  being  wedged  across.  In  case  the  chute 
was  vertical,  the  plummet  was  used,  and  only  the  vertical  measures 
in  the  chute  needed  to  be  taken.  The  drawings  in  Fig.  3  are  ver- 
tical projections  of  two  cross-sections  on  chutes  in  the  mine,  and  give 
an  idea  of  the  varying  slopes.  The  dotted  lines  represent  the  sur- 
vey-lines. 

Upon  reaching  the  top  of  the  chute,  connection  was  made  with 
the  transit-survey  by  fastening,  in  the  last  sight,  the  forward  end  of 
the  cord  to  the  nail  lefl  when  the  transit-survey  was  made,  in  the  line 
of  the  chute.  By  this  means  an  accurate  line  of  surveys  was  carried 
through  each  chute,  the  man-ways  being  located  by  ofisets  from  the 
chutes,  and  it  only  remained  to  reduce  the  slant  distances,  as  measured 
along  the  cord,  to  their  vertical  and  horizontal  values.    This  was 
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done  with  a  trigonometer^  by  the  use  of  which  a  vast  deal  of  calcula- 
tion was  avoided. 
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The  vertical  heights  between  the  four  car-levels  are,  beginning  at 
the  lowest,  from  "  Big  Bend  "  to  the  "  Store  Tunnel,"  120  feet ;  from 
the  "Store  Tunnel"  to  the  "Alum  Spring  Tunnel,"  50  feet;  from 
the  *'  Alum  Spring  Tunnel "  to  the  top  of  the  pillar  of  ore  left  l^etween 
the  bottom  of  the  open-cut  workings  and  the  "  Craft  Tunnel,"  56 
feet ;  making  a  total  of  226  feet,  from  the  lowest  level  to  the  top  of 
the  ore.  I  may  say,  in  addition,  that  we  are  now  driving  a  tunnel 
to  take  in  another  120-foot  lift,  the  ore  having  been  tested  to  that 
depth  and  still  continuing  down.  ^ 

In  plotting  the  foregoing  work,  everything  was  reduced  to  terms 
of  the  magnetic  meridian.  The  main  entries  were  first  plotted,  after 
which  the  chutes  were  laid  down.  It  is  evident  that  unless  the  wdrk 
was  correct,  if  the  chutes  were  plotted  from  the  bottom  up,  their  top 
ends  would  not  fall  upon  the  corresponding  points  determined  in  the 
transit^urvey.  This  they  did,  with  sufficient  accuracy  to  make  a 
reliable  map  of  the  mine. 

Two  projections  of  the  mine  are  always  made,  a  ground-plan  or 
horizontal  projection,  and  a  vertical  projection.  The  map  once  having 
been  made,  it  is  a  very  easy  matter  to  keep  it  up  to  date,  a  week  being 
sufficient  to  survey  all  the  year's  progress,  both  in  the  new  work  and 
in  stoping.  As  the  first  survey  and  the  subsequent  plotting  took 
about  three  months,  this  is  another  instance  proving  the  accuracy  of 
the  proverb :  "  It  is  the  first  step  that  costs." 

In  conclusion,  let  me  say  for  the  benefit  of  those  who  have  not  used 
a  hanging  compass,  that  though  the  above  description  sounds  delight- 
fully simple,  actual  practice  was  far  from  being  so.  The  character  of 
the  ground  to  be  surveyed,  which  is  always  rough,  sometimes  wet,  and 
occasionally  dangerous,  greatly  enhanced  the  difficulty  of  doing  accu- 
rate work.  The  keeping  of  the  note-book  in  respectable  shape,  in 
fact,  in  any  sort  of  shape  so  that  it  can  be  read  afterwards,  is  also  often 
almost  an  impossibility,  owing  to  the  streams  of  water  which  are 
caught  by  the  breaking  of  the  ground  above,  and  pour  down  through 
the  chutes,  generally  bringing  with  them  a  sufficient  amount  of  mud- 
Nevertheless,  if  proper  care  be  taken,  this  system  of  surveying  the 
chutes  affi^rds  very  satisfactory  results,  in  comparison  with  which,  of 
oonrse,  the  incidental  difficulties  and  annoyances  sink  into  insignifi- 
cance. 
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A  COMPOUND-PLUNGER  HYDRAULIC  PUMP. 

BY  ERNEST  R.    WOAKES,  TOLIMA  MINES,  REPUBLIC  OP  COLUMBIA. 

(Cleveland  Meeting,  June,  1891.) 

Those  engaged  in  pumping  from  shafts,  or  other  mining  works, 
may  be  interested  in  the  following  suggestion  of  what  is  believed  to 
be  a  novel  method  of  raising  tqoderate  quantities  of  water  against 
a  considerable  head. 

It  is  admitted  that  the  ordinary  Cornish  pump,  as  generally  used 
in  mines,  is  hard  to  beat,  on  account  of  both  its  extreme  simplicity 
and  its  easy  adaptation  to  the  requirements  of  mining;  its  great 
drawback,  however,  being  the  enormous  weight  of  heavy  rods  and 
Ruocessive  plungers  that  have  to  be  kept  in  motion,  not  to  mention  the 
necessary  '*  balance- '^  and  '*  angle-bobs,"  with  all  their  accompany- 
ing friction  and  wear  and  tear. 

It  is  contended  that  the  following  method  would,  to  a  great  ex- 
tent, overcome  these  drawbacks ;  though,  no  doubt,  many  old  miners 
may  say  it  would  also  introduce  new  ones.  Possibly,  this  may  be 
the  case.  It  is  only  desired  that  this  pump  may  be  judged  upon  its 
merits. 

The  chief  novelty  of  the  method  consists  in  employing  the  almost 
unlimited  pressure  obtainable  from  a  high  column  of  water,  aug- 
mented, if  necessary,  by  a  hydraulic  ram  or  press  at  the  top,  to  work 
a  small-diameter  piston  or  plunger  at  the  bottom  of  a  shaft  or  well. 
This  high-pressure  plunger,  indicated  at  E,  in  Fig.  1,  transmits 
power  direct  to  a  larger-diameter  plunger,  F,  constituting,  together 
with  the  ordinary  H-piece,  valves,  and  wind-bore,  the  actual  pump, 
which  raises  the  water,  by  column  C,  to  the  adit-level  or  other  dis- 
charge, placed  as  far  as  possible  below  the  head  of  the  high-pressure 
column  A  and  ram  W. 

It  will  thus  be  seen,  that  it  is  only  necessary  to  maintain  a  pressure 
on  the  small  piston,  JE,  equal  to  that  on  the  larger  one,  jF,  by  means 
of  the  small  but  high  column  of  water,  A^  in  order  to  cause  Fio 
descend,  and  thus  force  the  water  up  through  C.  The  up-stroke  is 
accomplished  by  a  small  water-wheel,  or  other  engine,  connected  to 
the  light  rod  or  wire  rope  jB,  this  having  only  to  raise  the  weight  of 
the  actual  plungers  and  fill  the  H-piece  with  water  from  the  tank  or 
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sump.  The  equilibrium-valve,  shown  at  2),  for  regulating  the  ad- 
mission and  the  cut-ofiP  of  the  water  from  the  column.  A,  to  the  cyl- 
inder, E,  is  also  worked  by  this  rod.  Of  course,  the  amount  of  water 
used  in  £  is  lost  at  each  stroke,  and  has  to  be  taken  into  account  in 
the  amount  raised  by  F.  This  quantity,  however,  is  small,  as  will 
be  subsequently  shown.  Thus  it  will  be  seen,  that  instead  of  a  large 
engine  and  heavy  working  parts^  a  small  one  with  light  connections 
can  be  used ;  the  weight  of  the  plunger,  etc.,  only  being  balanced 
by  a  small  **bob''  in  the  ordinary  way.  The  difficulties  encountered 
in  shafts,  and  especially  in  inclines,  would  thus  be  minimized.  As 
a  set-off  to  this,  it  may  be  necessary,  in  most  cases,  to  keep  the  ram 
running  at  the  surface  in  order  to  maintain  the  pressure  on  the  small 
piston,  by  a  closed  and  continually  descending  column  of  water,  the 
waste  from  which  is  maintained  at  the  top  by  the  ram,  and  which, 
after  doing  its  work  in  the  high-pressure  cylinder  at  the  bottom  of 
the  shaft,  is  pumped  up  again  as  far  as  the  discharge  by  the  large 
plunger  which  it  actuates. 

If  desirable,  two  or  more  sets  of  plungers  can  be  worked  at  dif- 
ferent stations  in  the  same  shaft  or  well  from  the  same  high-pressure 
column,  the  sizes  of  various  plungers  being  varied  to  suit  the  pressures 
to  be  overcome  and  the  quantity  of  water  to  be  raised. 

In  order  to  demonstrate  more  clearly  the  working  of  the  pump, 
the  following  example  may  be  taken  : 

A  shaft  700  feet  deep,  with  the  adit-  or  discharge-level  100  feet 
below  the  surface,  so  that  the  water,  say  100  English  gallons  per 
minute,  has  to  be  raised  against  a  head  of  600  feet. 

Uigh-pressure  plunger,  3  inches  diameter. 

Low-pressure  plunger,  10  inches  diameter. 

Working  at  6-feet  stroke,  and  6  strokes  per  minute. 

Capacity  of  high-pressure  cylinder,  10.5  gallons  per  minute. 

Capacity  of  low-pressure  cylinder,  121.5  gallons  per  minute. 

Difference,  111  gallons  per  minute,  which  is  the  amount  of  water 
to  be  raised. 

The  pressure  on  the  10-inch  plunger  is  260  pounds  per  square 
inch,  making  the  total  pressure  on  its  area  20,400  pounds. 

In  order  to  produce  an  equal  pressure  on  the  3-inch  piston,  a 
pressure  of  2900  pounds  per  square  inch  must  be  maintained,  which 
will  give  20,470  pounds  for  the  total  pressure  on  the  area  of  the 
3-inch  piston. 

This  pressure  can  be  supplied  by  a  19  horse-power  ram  at  the  top 
of  the  column. 
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The  power  required  to  raise  the  plungers  and  work  the  valves 
could  not  be  more  than  6  to  6  horse-power,  so  that  the  whole  system 
would  be  worked  for  an  expenditure  of  26  horse-power. 

To  do  the  same  work  with  a  Cornish  pump,  consisting  of  three 
plungers  and  one  lift,  would  require  about  30  horse-power,  so  that 
there  is  a  slight  gain  in  this  respect  with  the  method  under  discus- 
sion. 

It  may  be  said  that  the  above  pressures  would  be  an  obstacle  to 
the  successful  and  economical  working  of  the  system,  but  it  is  be- 
lieved that  by  using  cast-steel  instead  of  cast-iron,  in  the  parts  sub- 
jected to  high  pressures,  this  objection  would  be  removed.  It  is 
certain  that  the  present  tendency  in  all  machinery  is  to  the  use  of 
high  initial  pressures. 

The  above  example  could,  of  course,  be  modified  to  almost  any 
extent  to  suit  individual  cases,  and  is  only  quoted  to  illustrate  the 
practical  application  of  the  principle.  The  duplication  of  plungers, 
as  before  mentioned,  would  reduce  the  actual  pressure  on  any  one 
system. 

In  situations  where  there  is  a  sufficient  difference  in  altitude  be- 
tween the  highest  convenient  point  near  the  pit's  mouth  and  the  adit- 
or  discharge-level,  and  where  the  amount  of  water  to  be  raised  is 
small,  the  ram  at  the  surface  could  be  dispensed  with,  the  excess  of 
natural  pressure  in  one  column  overcoming  that  in  the  other. 

In  conclusion,  it  may  be  added  that  the  same  principle  could  be 
employed  to  compress  air  in  the  bottom  of  a  shaft,  the  air-cylinder 
replacing  the  large  plunger  and  casing,  in  which  case  the  initial 
pressure  required  would  be  much  less  than  for  the  pump,  though,  of 
course,  the  work  of  the  mine-pump  would  be  augmented  by  the 
amount  of  water  used  in  the  high-pressure  cylinder. 


EXPEBIMENT8  WITH  THE  IMPEBATOBI  PB0CE88  AT 
CBOTON  MAGNETIC  MINE,  NEW  TOBK, 

BY  J.  B.  NAIT,  NEW  YORK  CTTY. 
(Cleyeland  Meeting,  June,  lfl91.) 

A  SHORT  time  ago  some  interesting  experiments  concerning  a  new 
steel-making  process  in  the  open- hearth  furnace  were  made  by  the 
writer  at  the  Croton  magnetic  mine,  N.  Y. 
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The  Imperatori  process  is  a  sort  of  mixed  process  in  which  a  large 
amount  of  rich  ore  can  be  treated  in  presence  of  a  metallic  bath. 
The  reasons  that  seem  to  have  guided  the  inventor  in  his  researches 
are  the  following :  It  is  well  known  that  the  ordinary  practice  in 
the  Martin-Siemens  process  consists  in  smelting  in  an  open-hearth 
furnace,  a  certain  amount  of  pig-iron  together  with  a  larger  or 
smaller  proportion  of  scrap.  Thus,  in  certain  works,  where  scrap- 
iron  is  abundant  and  cheap,  the  proportion  of  pig  may  be  as  low  as 
10  per  cent.,  whereas,  in  other  works,  where  the  conditions  for  the 
supply  of  scrap  are  less  favorable,  the  amount  of  scrap  used  in  the 
charge  may  be  more  limited.  The  idea  of  substituting  for  a  part  of 
this  sometimes  very  expensive  scrap  a  <5orresponding  quantity  of  rich 
iron-ore,  which  can  be  obtained  at  a  much  lower  price,  is  quite 
natural.  Thus  the  practice  of  the  so-called  pig-and-ore  process 
consists  in  adding  to  a  bath  of  liquid  pig  a  certain  amount  of  rich 
iron-ore,  which,  by  its  reduction,  will  energetically  oxidize  the  silicon, 
carbon  and  manganese  of  the  pig-iron. 

But  in  the  ordinary  ore-process,  as  it  is  practiced,  for  instance,  in 
England,  the  amount  of  ore  to  be  added  is  limited  by  the  following 
conditions: 

1.  The  oxygen  contained  in  the  ore  added  must  be  only  sufl&cient 
to  oxidize  the  three  elements  aforesaid. 

2.  The  amount  of  all  the  bases  present  (oxide  of  iron  excepted) 
must  be  such  that  they  will  just  suffice  to  neutralize  the  silicon  in 
the  pig-iron ;  that  is  to  say,  form  a  suitable  slag  with  the  sHica 
produced  by  oxidizing  this  silicon. 

These  two  conditions  permit  an  easy  calculation  of  the  amount  of 
ore  required  to  supply  the  necessary  oxygen  for  the  refining  of  the 
pig-iron  in  the  presence  of  a  flame,  which  itself  has  a  slightly  ox- 
idizing effect.  Of  course,  the  amount  of  ore  to  be  added  will  vary 
according  to  its  quality  and  nature.  In  the  following  calculations 
the  magnetic  ore,  Fe304,  is  taken  as  a  basis,  this  ore  having  been 
used  almost  exclusively  in  the  tests  to  be  subsequently  described.  It 
should  be  added  that  these  calculations  are  partially  based  on  the 
studies  made  by  Professor  von  Ehrenwerth,  of  Leoben,  in  somewhat 
similar  experiments  carried  out  several  years  ago  at  Austrian  iron- 
works. 

If  it  be  supposed,  as  seems  to  be  the  case  in  the  ordinary  open- 
hearth  process,  that  the  carbon  of  the  pig-iron  is  to  be  entirely  elimin- 
ated as  CO,  it  follows  that  1^  parts  of  oxygen  or  4.83  parts  of  magnetic 
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iron-ore,  FcjO^,  would  be  required  to  oxidize  one  part  of  carbon.* 
But,  as  we  have  to  eliminate  silicon  and  manganese  from  the  pig-iron 
besides  carbon,  the  ore  should  supply  also  the  oxygen  required  for  the 
elimination  of  these  two  elements.  One  part  of  silicon  requires  f| 
=  1.143  of  oxygen  or  4.14  of  Fe^O^,  to  form  silica;  and  similarly 
one  part  of  manganese  will  require  1.055  part  of  Fe304  to  form 
MnO. 

Consequently,  a  pig-iron  containing  1.5  per  cent,  of  silicon,  3.5 
of  carbon  and  1.5  of  manganese  would  require  of  pure  magnetic 
oxide,  Fefi^: 

Per  cent. 

For  silicon, 1.5X4.14   =   6.21 

For  carbon, 8.5x4.83   =16.91 

For  manganese, 1.5X1.055=   1.58 


Total, 24.70 

But  these  calculations  assume  that  the  flame  in  the  open-hearth 
furnace  is  absolutely  neutral,  and  that  all  the  carbon  of  the  pig  is 
removed  by  tHe  oxygen  of  the  oxide  of  iron.  Such,  however,  is  not 
the  case.  It  is  a  well-known  fact  that  the  flame  in  the  open-hearth 
furnace  is  capable  of  oxidizing  over  one-half  of  the  carbon  contained 
in  the  pig-iron,  so  that  instead  of  using  16.91  per  cent,  of  FcjO^  to 
eliminate  the  carbon,  less  than  half  as  much  would  be  required ;  and 
in  lieu  of  using  24.70  of  Fes04to  oxidize  the  aforesaid  elements,  16  to 
17  per  cent,  would  be  enough.  On  the  other  hand,  the  ore  used  will 
never  be  a  pure  magnetite,  and,  furthermore,  all  the  oxide  of  iron  con- 
tained in  the  ore  will  never  be  completely  reduced.  These  consider- 
ations require  a  corresponding  increase  in  the  amount  of  ore.  As  a 
general  result,  in  the  ordinary  ore-process,  it  has  been  found  good 
practice  to  add  about  20  per  cent,  of  ore  to  the  charge. 

The  preceding  calculations  are  based  on  the  amount  of  silicon, 
carbon  and  manganese  to  be  removed  from  the  pig-iron.  The 
amounts  of  these  elements  are  always  l)elow  certain  limits  in  the  pig- 
iron  ;  and  the  amount  of  ore  added  to  the  charge  may  only  reach  a 
certain  maximum  percentage  determined  by  those  limits.  Every 
particle  of  ore  added  beyond  would  occasion  a  clear  loss  of  iron. 
But,  for  well-known  reasons,  it  would  not  be  advisable  to  increase 
silicon  and  manganese  in  the  pig  beyond  a  certain  limit.     Hence 

*  Taking  the  eqnivalents  Fe,  28  and  O,  8,  we  have  as  the  proportion  of  oxjgen 
in  Fes04,  ^  or  27.59  per  cent.  Henoe,  the  number  of  units  of  FegO^  required  to 
fomisb  1^  units  of  O  would  be  W  X  I  =  4.83. 

VOL.  XX.— 8 


114  EXPERIMENTS  WITH  THE  IHPEBATORI  PROCESS. 

• 

the  only  element  that  could  be  increased  with  practical  advantage 
for  the  reduction  of  a  greater  amount  of  ore  would  be  carbon  ;  and 
as  it  is  difficult  to  obtain  a  pig-iron  or  iron  bath  containing  more 
than  5  per  cent,  of  carbon^  the  general  endeavor  has  been  to  intro- 
duce carbon  with  the  ore.  In  this  direction,  some  experiments  were 
made  in  Sweden  and  at  the  iron  works  of  Gratz  in  Austria,  in  1881 
and  1882,  by  adding  to  the  pig-iron  bath : 

1.  Briquettes  formed  of  ore  in  pieces,  pig-iron  and  coal. 

2.  Briquettes  of  pig-iron  and  carbon. 

3.  Briquettes  made  of  carbon  and  finely -crushed  ores  agglomerated. 
To  impart  strength  and  weight  to  these  briquettes,  and  facilitate  their 
sinking  into  the  metallic  bath  when  charged  in  the  open-hearth 
furnace,  it  was  considered  indispensable  that  they  should  receive  first 
a  coating  of  pig-iron,  and  they  were  consequently  imbedded  in  such 
a  coat  of  pig-iron  before  being  charged  into  the  pig-iron  bath  of 
the  steel  furnace. 

From  these  tests.  Prof,  von  Ehrenwerth  drew  5ome  very  important 
conclusions.  The  ore,  which  had  been  supposed  until  then  to  have 
a  direct  decarbonizing  action  on  the  pig-iron,  was  found  to  act,  on 
the  contrary,  by  means  of  the  slag  it  produced.  The  briquettes  of 
pig-iron,  ore  and  carbon,  instead  of  sinking  completely  into  the 
metallic  bath  are,  on  the  contrary,  partially  dissolved  in  the  slag, 
thus  furnishing  a  highly  ferruginous  cinder  which,  by  its  contact 
with  the  metallic  bath,  deprives  the  latter  of  carl)on  and  yields  in 
return  part  of  its  iron.  Hence  a  double  reaction  takes  place  between 
the  iron  bath  and  the  ferruginous  slag ;  on  one  hand  a  refining  action 
on  the  metallic  bath,  and  on  the  other  a  reducing  action  on  the  slag. 

Although  the  above  experiments  gave  partially  good  results,  at 
least  as  far  as  the  quality  of  metal  was  concerned,  the  loss  of  iron 
incurred  was  too  heavy  to  permit  economical  working.  These 
experiments,  so  far  as  the  writer  knows,  had  been  abandoned  as 
unsatisfactory,  when,  about  one  year  ago,  Mr.  Imperatori,  encouraged 
more  or  less  by  the  results  previously  obtained,  made  experiments 
of  his  own. 

Tests  Made  in  America. 

The  Imperatori  process  consists  substantially  in  treating  an  inti- 
mate mixture  of  finely  pulverized  rich  iron-ore  (at  least  50  per  cent, 
of  iron)  and  carbonaceous  materials,  agglomerated  into  briquettes,  in 
the  presence  of  a  metallic  bath  of  pig-iron  or  carbu retted  iron.  The 
relative  proportions  of  carbon  and  ore  are  calculated  in  such  a  manner 
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that  the  carbon  is  present  in  sufficient  quantities  to  reduce  the  ore 
directly  to  the  metallic  state,  without  previously  being  transformed 
into  a  carbu retted  product.  The  amount  of  carbon  to  be  added  to 
the  ore  to  reduce  it  to  metallic  iron  can  easily  be  determined  on  the 
assumption  that  the  carbon  will  be  burnt  half  to  CO  and  half  to 
COg.  The  ores  used  in  the  tests  at  Croton  magnetic  mine  were 
concentrates  of  magnetic  ore,  carrying,  on  an  average,  64  per  cent, 
of  metallic  iron,  or  88.40  per  cent,  of  magnetic  oxide,  containing 
24.4  oxygen.  As  may  easily  be  calculated,  this  amount  of  oxygen 
will  burn  12.2  parts  of  carbon,  half  to  CO,  and  half  to  COj.  The 
coke  used  in  the  tests  contained  about  88  per  cent,  of  fixed  carbon, 
consequently,  in  order  to  obtain  12.2  parts  of  carbon,  at  least  13.86 
parts  of  coke  are  required.  As  will  be  seen,  a  larger  proportion  of 
carbon  was  maintained  in  the  experiments  on  account  of  losses, 
burning  off  at  the  surface,  etc. 

The  ore  had  been  concentrated  from  an  ore  containing  only  30  per 
cent,  of  iron  originally.  An  analysis  of  the  concentrated  ore  by 
Messrs.  Ledoux  &  Co.,  of  New  York,  showed :  Fe,  64.44 ;  AlgO,,  1.01 ; 
MgO,  0.48 ;  8, 0.88 ;  P,  0.063 ;  SiO^,  6.25 ;  Mn,  not  determined,  but 
present  in  small  quantitien.  Another  analysis  made  at  Croton  Mag- 
netic Mine  works  gave:  Fe,  65.00;  P,  0.064;  8,  1.136.  It  may  be 
said  at  once  that  the  sulphur  in  these  ores  is  extremely  high,  ranging 
between  0.88  and  1.136,  an  average  of  1  per  cent.,  much  too  large  a 
proportion  to  give  good  results  in  the  open-hearth  process,  at  least  as 
far  as  physical  tests  are  concerned. 

The  high  percentage  of  sulphur  in  the  ores  used  was,  in  fact,  more 
than  double  the  amount  that  had  been  expected,  0,60  per  cent,  having 
been  considered  and  stated  as  the  maximum.  This  was  an  accidental 
occurrence,  mainly  due  to  an  imperfect  and  too  short  roasting.  The 
ores  roasted  since,  and  containing  mostly  much  less  than  0.50  per 
cent,  sulphur,  were  not  available  at  the  time  the  tests  were  made. 

Coal  and  coke  used  in  the  briquettes  were  of  good  quality;  the 
coal  contained  only  4.26  of  ash,  and  0.643  S.  The  ash  in  the  coke 
varied  between  9.45  and  10.15,  and  the  sulphur  between  0.59  and 
0.85,  while  phosphorus  was  very  low. 

Manufacture  of  the  Briquettes. — Ore  and  carbonaceous  materials 
were  first  crushed  to  powder  and  then  intimately  mixed  by  hand^ 
and  in  the  following  proportions  by  weight : 

(1)  100  parts  of  ore  to  25  parts  of  coke. 

(2)  "  "       30        "      coal. 

(3)  "  "       21         "      coke. 

(4)  "  "       27         ''      coal. 
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Id  order  to  obtain  these  proportions  easily,  and  without  losing 
tinae  in  accurate  weighing,  boxes  were  built  which,  when  filled  with 
ore  and  coke  or  coal  respectively,  gave  the  desired  proportion  in  each 
case. 

Lime,  to  the  extent  of  a  little  over  1  per  cent,  of  the  weight  of 
ore,  was  stirred  in  water,  and  then  added  to  the  mixture,  in  order  to 
constitute  a  flux  of  a  given  nature.  The  mass,  after  stirring,  was 
formed  by  hand  in  special  moulds  into  briquettes  of  60  to  60  pounds 
each.  These  were  left  to  dry  in  the  air  for  10  days  at  least,  under 
cover ;  and  about  24  hours  before  being  used  in  the  furnace,  they 
were  put  in  a  drying-oven,  in  order  to  remove  the  last  traces  of  water 
and  to  heat  them  to  such  a  point  that  they  could  still  be  charged  by 
hand  in  the  furnace. 

The  slow  drying  of  the  briquettes  imparted  to  them  a  certain 
compactness  due  to  the  more  or  less  complete  hydration  of  the  iron- 
ore.  Furthermore,  it  was  intended  to  render  less  objectionable  the 
presence  of  the  large  amount  of  sulphur  by  transforming,  partly 
through  prolonged  exposure  to  the  air  in  presence  of  humidity,  the 
sulphide  of  iron  in  the  ore-mixture  into  sulphate  of  iron,  in  which 
state  it  can  be  eliminated  with  the  slag  during  the  heat.  All  the 
heats  made  at  Croton  magnetic  mine  were,  in  their  general  features, 
carried  on  in  the  following  manner : 

Condiust  of  the  Heats. — First,  the  whole  amount  of  pig-iron  and 
scrap  to  be  used  in  the  heat  was  charged  at  once  and  allowed  to  heat 
up.  When  it  began  to  become  pasty  and  to  melt  partly,  the  charging 
of  the  ore-briquettes  still  warm  from  the  drying-oven  was  b^un. 
These  briquettes  were  laid  side  by  side,  as  evenly  as  possible,  over 
the  surface  of  the  metal  bath  into  which  they  at  once  partially  sank. 
When,  for  any  reason,  the  briquettes  could  not  be  charged  all  at 
once,  the  heat  was  left  to  itself  for  about  half  an  hour,  and  then  the 
remaining  briquettes  were  charged  in  places  where  they  could  sink 
at  once  partially  into  the  bath. 

As  soon  as  the  whole  charge  was  in  the  furnace,  the  heat  was  left 
to  itself.  In  most  of  the  heats,  but  specially  in  the  later  ones,  the 
reaction  began  at  once.  Numerous  blue  flames  covered  the  whole 
surface.  The  cinder,  which  at  the  beginning  of  the  heat  was  black 
and  very  rich  in  iron,  brightened  up  towards  the  end  of  the  heat 
and  appeared  either  dark  bottle-green  or  light  yellowish-green,  like 
blast-furnace  cinder. 

In  order  to  obtain  a  quick  reaction  between  the  carbon  of  the 
metallic  bath  and  the  layer  of  the  rich  ferruginous  cinder  on  top  of 
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it;  the  maiDtenance  of  a  very  high  temperatare  in  the  furnace  is 
essential.  Otherwise  the  reaction  will  be  slow,  and  the  reduction  of 
the  iron  from  the  ferruginous  cinder  incomplete.  On  the  other 
handy  during  an  unduly  prolonged  heat  the  acid  lining  of  the  furnace 
will  be  destroyed  very  rapidly.  Tests  of  metal  were  taken  from 
time  to  time^  and  ore  in  lumps  was  added  whenever  it  was  found 
necessary.  In  the  last  heats  made,  the  amount  of  ore  thus  added  in 
lumps  was  largely  reduced,  and  served  rather  for  refining. purposes. 
As  soon  as  the  tests  of  metal  and  the  quietness  of  the  bath  in  the 
furnace  indicated  a  sufficient  decarburization,  ferro-manganese  was 
added,  and  the  metal  was  cast  as  in  the  ordinary  open-hearth  process. 

It  should  be  said  in  a  general  way  that  the  whole  series  of  ten 
heats  was  made  under  very  unfavorable  conditions.  The  works  at 
Croton  mine  contain  one  10-ton  open-hearth  furnace,  which  had 
been  standing  idle  for  about  a  year.  The  bottom,  made  of  siliceous 
sand,  was  still  full  of  metal  and  ciuder  from  previous  tests,  made  in 
the  furnace  by  another  process,  and  though  it  had  been  prepared  as 
far  as  practicable  it  was  still  far  from  perfect  during  the  first  three 
heats. 

Moreover,  on  aocount  of  the  limited  number  of  test-heats  to  be 
made,  and  in  order  to  reduce  the  number  of  men  employed,  it  had  been 
decided  to  work  only  in  the  daytime,  and  consequently  to  make  only 
one  heat  in  24  hours.  But  it  w&s  found  for  several  reasons  imprac- 
ticable to  make  during  the  first  week  more  than  one  heat  every  48 
hours;  and  thus  the  furnace  was  allowed  to  cool  off,  to  the  great 
detriment  of  the  following  heat.  It  must  also  be  mentioned  that 
during  the  week  of  the  first  tests,  beginning  March  9th,  as  well  as 
during  the  preceding  weeks,  we  had  very  heavy  frosts,  and  as  no 
special  arrangement  had  been  provided  for  making  the  briquettes 
in  a  place  where  they  could  be  kept  from  freezing,  they  were  pre- 
vented from  drying  slowly  and  for  a  certain  length  of  time,  as  re- 
quired. Indeed,  it  was  actually  necessary  to  thaw  them  out  and  dry 
them  in  a  drying-oven  for  24  to  36  hours  previous  to  their  being 
charged  into  the  furnace.  The  consequence  was  that  they  crumbled 
partly  to  pieces  during  the  charging,  and  instead  of  sinking  partially 
in  the  bath  of  pig-iron  and  being  surrounded  on  all  sides  by  the  heat 
and  flame,  the  mixture  of  ore  and  carbonaceous  materials  covered 
the  metal  with  a  thick  layer,  conducting  heat  badly.  If  to  this 
drawback  we  add  the  fact  previously  mentioned  that,  on  account  of 
the  long  intervals  between  the  heats  made  during  the  first  week,  it 
was  difficult  to  obtain  a  high  temperature  in  the  furnace,  the  higher 
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losses  obtained  during  this  first  week  can  easily  be  explained.  This 
loss,  indeed,  amounted  to  nearly  24  per  cent,  in  the  first  heat,  of 
which  the  duration  was  9  hours  45  minutes, and  20.1  per  cent  in  the 
second  heat,  lasting  9  hours  55  minutes.  In  the  third  heat,  on 
account  of  a  chilled  steel-ladle,  the  metal  could  not  be  cast  entirely, 
and  the  loss  could  not  be  accurately  determined.  This  heat  lasted 
13  hours  30  minutes. 

The  three  following  tests,  Nos.  4,  6  and  6,  were  made  on  three 
consecutive  days.  The  furnace  was  in  better  shape  and  had  been 
more  thoroughly  heated ;  the  bottom  had  been  entirely  remade,  and 
the  ore-briquettes  had  been  dried  more  slowly  and  were  warm  when 
charged.  Some  of  them  still  showed  the  effects  of  previous  freezing, 
but  comparatively  few  broke  partially  when  falling  in  the  bath. 
They  were  charged  after  the  smelting  of  the  pig-iron  and  scrap  had 
begun,  and  consequently  sank  at  once  somewhat  in  the  bath.  The 
results  of  these  heats  were  much  more  satisfactory,  except  for  charge 
No.  4,  the  first  made  on  the  new  bottom.  In  this  heat  the  furnace 
was  not  thoroughly  hot.  The  heat  lasted  11  hours  25  minutes,  and 
the  total  loss  amounted  to  25  per  cent. 

Details  of  Charges. 
Charge  No.  4,  March  16,  1891. 

Total  charge,  lion  contained, 

IbB.  lbs. 

Port  Henry  pig-iron 4000                                             4000.00 

Ck>al-  and  ore-briquettes  (100  ore  to  30  coal)  3400  (64  per  cent  iron  in  ore)  167360 

Scrap-iron, 2000  (deduction  of  6  per  cent.)  1880.00 

Mokta-ore, 1200  (55  per  cent,  iron)               660.00 

Spiegel, 100                                              100.00 

Ferro-Manganese, 160                                              160.00 

Lime  and  Limestone,         ....  80 

Total  iron  in  charge, 8473.60 

Product  obtained :  Good  ingots,  5505 

Scrap,  846 

6851,00 

Total  loss  (25  percent), . 2122.60 

Total  amount  of  ore  in  the  charge, 3815  pounds. 

Proportion  of  ore  to  the  total  charge, 37.80  per  cent. 

Total  time  of  charge, II  hours,  25  minutes 

Yield  of  iron  from  ore,  about 20  per  cent. 

Analysis  of  steel:  C,  0.18;  P,  0.148;  Mn,  1.141 ;  S,  0.229. 
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Charge  No.  5,  March  17,  1891. 

Total  charge,  Iron  contained. 

Ibfl.  lbs. 

Port  Henry  pig-iron, 2500  2500 

Scrap-iron, 3500  (6  per  cent  deducted),  3290 

Coke-  and  ore-briquettes  (100 ore  to  25  coke),  3750  (ore  at  64  per  cent,  iron),  1920 

Spiegel, 100  100 

Ferro-Manganese, 175  *  175 

Lime, 50 

Total  iron  in  charge, 7985 

Product  obtained :  Good  ingots,  6073 

Scrap,     .     '  664 

6737 

Total  loss  (15.60  per  cent.), 1248 

Total  amount  of  ore  in  charge, 3000  pounds. 

Proportion  of  ore  to  the  total  charge 32.30  per  cent. 

Total  time  of  charge,         ....         7  hours  (from  charging  to  tapping). 

Yield  of  iron  from  the  ore,  nearly 40  per  cent 

Analysis  of  steel :  C,  0.20 ;  P,  0.161 ;  Mn,  0.952 ;  S,  0.314. 

Charge  No.  6,  March  18,  1891. 

Total  charge.       Reduction  to  Iron, 
lbs.  IbB. 

Port  Henry  pig, 3000  3000 

Old  ingots, 1734  1734 

Scrap, 1266  1190 

Ore- and  coke-briquettes  (100  ore  to  25  coke),    .        .  3350  1715 

Mokta-ore  (55  per  cent,  iron), 250  138 

Ferro-Manganese, 155  155 

Lime, 50 

Total  iron 7932 

Total  steel  obtained :  Good  ingots,  6643 

Scrap,  563 

7206 

Total  loss  (9.16  per  cent), 726 

AmoDnt  of  ore  in  the  charge, 2930  pounds. 

Proportion  of  ore  to  the  total  charge, 32.2  per  cent. 

Total  time  of  charge, 7  hours,  50  minutes. 

Yield  of  iron  from  the  ore, 53.8  per  cent 

Analysis  of  steel :  C,  0.25;  P,  0.152;  Mn,  0.890;  S,  0.342. 

These  three  heats  enable  us  already  to  draw  some  conchisions  as  to 
the  value  of  the  process. 

During  the  heat  No.  4,  as  already  observed,  the  furnace  was  not 
yet  heated  thoroughly,  hence  a  very  heavy  loss,  25  per  cent.,  and  a 
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very  long  heat,  during  all  of  which,  but  especially  for  the  first  6  or  7 
hours,  the  cinder  was  thick  and  pasty,  and  although  moet  of  the  iron 
was  reduced  from  the  ore.  a  large  amount  of  it  was  found  afterwards 
in  the  slag  in  the  shape  of  round,  metallic  globules,  surrounded  by 
the  thick  cinder,  and  thus  prevented  from  reaching  the  iron  bath. 
In  fact,  the  cinder  was  too  cold. 

During  the  5th  heat  the  furnace  was  much  hotter,  the  reaction 
between  the  slag  and  metal  was  livelier,  and  less  iron  (though  still 
too  much)  was  found  in  globules  in  the  slag.  The  duration  of  the 
heat  was  considerably  shortened^  and  the  loss  reduced  to  15.6  per 
cent.  But  it  was  even  as  low  as  9.16  per  cent,  in  No.  6,  when  the 
furnace  was  thoroughly  heated  up.  The  reactions  in  this  heat  were 
very  lively,  the  cinder  perfectly  fluid,  less  iron  carried  in  globules. 
This  charge  lasted  7  hours,  50  minutes,  and  would  have  shown  a 
loss  still  smaller  but  for  the  fact  that  towards  the  end  the  bottom  rose 
partly,  and  interfered  with  the  reaction. 

In  heats  Nos.  1,  2,  3  and  4,  the  cinder  had  a  heavy,  dark,  glassy 
look,  and  contained,  in  some  cases,  as  much  as  35  per  cent,  of  metallic 
iron.  Besides,  the  cinder  directly  in  contact  with  the  metallic  bath 
contained  even  more  iron,  and  enclosed  at  the  same  time  much  reduced 
iron  in  globules.  The  cinder  in  heats  Nos.  5  and  6,  on  the  contrary, 
was  glassy  and  light  yellowish-brown.  That  of  No.  5  was  analyzed 
by  Messrs.  Ledoux  &  Co.,  of  New  York,  as  follows : 


SiO,.  67.21 

AljOj,  6.26 

FeO,  28.77       Fe  =  22.38 

MnO,  2.95     Mn  =   2.30 

CaO,    3.08 

MgO,  0.97 


Seequi-acid  silicate. 


99.24 


This  cinder  carried,  besides,  9.50  per  cent,  of  metallic  iron,  dis- 
tributed in  globules  through  the  entire  mass. 

The  cinder  from  No.  6  has  not  been  analyzed,  but  in  composition 
and  appearance  can  safely  be  compared  to  that  of  No.  5.  However, 
this  charge  having  been  still  hotter  than  No.  5,  the  slag  was  more 
liquid,  and  carried  considerably  less  iron  in  globules.  This  partly 
explains  the  smaller  loss  observed  in  this  heat. 

After  heat  No.  6,  work  had  to  be  stopped  for  five  days  on  account 
of  lack  of  gas-coal  and  suitable  sand  for  the  bottoms.  During  this 
stoppage  the  bottom  was  almost  completely  renewed,  and  no  iron 
from  previous  heats  was  left  in  it.     But  the  sand  received  and  used 
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for  this  work  was  not  of  good  refractory  quality,  and  caused  the 
bottom  to  partially  rise  during  the  following  heat.  The  furnace 
was  thoroughly  heated  up^  the  ore-  and  coke-briquettes  used  in  this 
charge,  having  suffered  very  little  from  the  frost,  had  been  allowed 
to  dry  slowly,  and  were  taken  directly,  and  as  warm  as  possible, 
from  the  drying-oven  and  charged  into  the  partly  molten  bath. 
The  reaction  between  pig-iron  bath  and  ore  took  place  at  once  and 
in  a  very  lively  manner.     The  details  of  this  heat  are  given  below : 

Charge  No.  7,  March  23,  1891. 

Total  charge,  Iron  contained, 

Ibfi.  Ibe. 

Port  Henry  pig-iron, 3000  3000.00 

Old  ingots  and  steel  scrap, 3000  3000.00 

Cokeand  ore- briquettes  (100  ore,  25  coke),  .  3850  (64  per  cent,  iron)  1961.00 

Mokta  ore, 385  (55  per  cent,  iron)  211.75 

Ferro-manganese 240  240.00 

Lime, 30 

Total  iron  in  charge, 8412.75 

Total  product :  Qood  ingots,     6150 

Scrap,  1400 

7550.00 

Tot^  loss  (10.2  per  cent ), 862.00 

Amount  of  ore  in  the  charge, 3465  pounds. 

Proportion  of  ore  to  the  total  charge,    <• 35.6  per  cent. 

Total  time  of  charge, 9  hours. 

Yield  of  iron  from  the  ore, 52.17  per  cent. 

Analysis  of  steel:  C,  0.20;  P,  0.084;  Mn,  1.727  ;  8,  0.286. 

The  manganese  in  this  steel  is  rather  high.  This  was  done  in- 
tentionally. While  this  heat  was  in  progress  we  received  the  first 
analysis,  which  showed  that  sulphur,  instead  of  being  lower  than 
0.50  per  cent,  in  the  ore,  as  had  been  claimed,  amounted  really  to 
about  1  per  cent.  The  steel  in  charge  No.  6  had  been  found  to  be 
red-short,  on  account  of  the  high  percentage  of  sulphur.  Therefore, 
to  correct  as  much  as  possible  the  bad  effects  of  sulphur  in  charge 
No.  7,  the  percentage  of  ferro-manganese  added  was  increased. 

During  all  this  heat,  the  temperature  in  the  furnace  was  very 
high ;  and  had  it  not  been  for  the  upheaving  of  the  bottom  towards 
the  end  of  the  heat,  on  account  of  the  bad  sand,  the  duration  would 
not  have  exceeded  about  8  hours.  Moreover,  a  part  of  the  bottom 
covering  the  metallic  bath  towards  the  end,  the  reaction  became 
somewhat  slower. 
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"Nevertheless,  tlie  results  of  this  heat  cao  be  considered  as  very 
important.  The  bottom  having  been  entirely  renewed,  could  not 
contain  any  iron  from  previous  charges ;  hence  all  the  metal  obtained 
had  really  been  yielded  solely  by  the  iron  and  ore  charged.  Not- 
withstanding the  trouble  occasioned  by  the  uprising  of  the  bottom, 
the  loss  was  only  10.2  per  cent.  Of  the  64  per  cent,  of  iron  <|on- 
tained  in  the  ore,  52.17  per  cent,  were  obtained. 

The  cinder  of  this  charge  had  a  light  yellow-greenish  color,  and 
contained  less  iron  than  that  of  No.  5.  Manganese,  as  indicated  by 
the  greenish  tint  of  the  slag,  was  higher  than  that  of  No.  5.  The 
cinder  still  contained  7  to  8  per  cent,  of  metallic  iron  in  globules. 
These  globules  of  iron  would  have  sunk  into  the  metallic  bath  had 
the  cinder  been  thin  and  liquid  enough ;  and  the  loss  would  have 
been  considerably  reduced  thereby. 

Analysis  of  the  cinder  showed  : 

SiO^   59.9ar 

AlAi    1.55 
CaO,       2.75 

MnO,     6.37     Mn  =  4.16   ^^        ..,.,.. 
FeO,    28.01     Fe  =21.78  |  Sesqui-wad  silicate. 

MgO,   small  quantity. 

After  this  heat,  work  had  to  be  stopped  again  for  lack  of  sand. 
It  was  resumed  a  week  later,  when  an  ordinary  pig  and  scrap  Martin- 
Siemens  heat  was  made,  no  briquette  or  ore  being  used.  This  heat, 
the  first  one  made  in  the  furnace  after  a  stoppage  of  a  week,  showed 
a  loss  of  15.5  per  cent.  The  two  last  heats,  Nos.  9  and  10,  were 
made  two  weeks  later.  These  two  heats  were  interesting,  in  that 
a  new  mixture  of  ore  and  carbon  was  tried.  In  heat  No.  9,  ore-  and 
coke  briquettes  were  used,  containing  21  parts  of  coke  to  100  parts 
of  ore.  In  heat  No.  10,  ore-  and  coal -briquettes  were  used,  contain- 
ing 27  parts  of  coal  to  100  ore.  The  briquettes  of  both  these  heats 
had  been  slowly  and  completely  dried  in  the  open  air  first,  and  then 
for  about  24  hours  in  the  drying-oven.  They  had  a  dull  metallic 
ring  and  were  hard  and  resistant.  The  sand  used  for  the  bottom 
was  the  same  as  had  been  used  in  heat  No.  7.  In  these  two  heats 
efforts  were  made  to  eliminate  in  the  open-hearth  furnace  part  of  the 
sulphur  introduced  by  the  ore;  sulphur  which  had  influenced  the 
quality  of  the  steel  obtained  in  the  previous  heats.  It  is  a  well- 
known  fact  that  when  two  pig-irons,  the  one  containing  sulphur,  the 
other  containing  manganese,  are  smelted  together,  both  these  ele- 
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ments  will  be  elimiDated  simultaneously  in  the  slag  as  sulphide  of 
maDganese. 

In  these  tests  we  had  a  pig-iron  very  free  from  sulphur  and  an 
ore^  in  the  shape  of  briquettes,  containing  an  average  of  1  per  cent, 
of  sulphur.  It  had  been  found  by  calculation  that  the  metallic 
bath  obtained  after  the  pig-iron  and  the  ore-briquettes  had  been 
smelted  would  contain  about  0.50  per  cent,  of  sulphur,  and  that  in 
heat  No.  9,  for  instance,  it  would  require  about  69  pounds  of  man- 
ganese besides  that  already  contained  in  the  original  pig  to  remove 
the  sulphur  as  sulphide  of  manganese.  The  manganese  was  added 
in  the  shape  of  ferro-manganese  at  the  beginning  of  the  charge.  The 
same  was  done  in  charge  No.  10.  At  the  same  time,  and  partially 
for  the  same  reasons,  some  fluor-spar  was  added,  which  was  expected 
also  to  render  the  cinder  more  liquid. 

It  must  be  confessed  that  the  action  of  manganese  on  the  sulphur 
in  both  these  charges  did  not  seem  to  be  very  effective.  This  may 
probably  be  attributed  to  the  fact  that  the  manganese  in  the  melted 
bath  had  time  enough  to  combine  with  silica  before  it  came  in  conr 
tact  with  the  sulphur  in  the  reducing  ore,  and  was  already  in  the 
slag  before  the  ore  was  entirely  reduced. 

Charge  No,  9,  April  16,  1891. 

Total  charge^  Iron  contained, 

Ibfl.  Ibe. 

Pig-iron, 3000  3000 

Old  ingots, 1836  1836 

Steel  scrap,     . 1664  1664 

Coke-  and  ore-briquettes  (21  coke,  100  ore),    .             4100  (ore  64  per  cent.)     2168 

Ferro-manganese, 230  230 

Mokta  ore, 6Q0  (55  per  cent  iron)     330 

Fluor-spar, 36 

Lime. 40 

Total  iron  in  charge, 9228 

Total  steel :  Good  ingoto,      6278 
Scrap,  487 

6766 

Total  loss  (26.6  per  cent.), 2468 

Amonnt  of  ore  in  charge, 3988  poands. 

Proportion  of  ore  to  the  total  charge, 37.2  per  cent* 

Total  time  of  charge, 8  hours,  20  minutes. 

Yield  of  iron  from  the  ore, 13.8  per  cent. 

Analysis  of  steel:  C,  0.26;  P,  0.099;  Mn,  0.848;  S,  0.389. 
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This  charge  was  made  on  an  entirely  new  bottom,  which,  when 
the  charging  had  been  completed,  did  not  seem  to  be  entirely  heated 
through.  Nevertheless,  the  reaction  between  the  ore  and  pig  was 
very  hot  and  active.  However,  after  about  6  hours  from  the  be- 
ginning of  the  charging,  the  bottom  upheaved  and  interfered  com- 
pletely with  the  heat.  The  reaction  during  the  last  two  hours 
became  slow  and  dull  on  account  of  part  of  the  lK>ttom  covering  the 
bath  and  preventing  the  heat  from  penetrating  and  reaching  the 
bath.  The  slag  became  thicker  and  held  in  its  mass  much  of  the 
reduced  iron  in  the  shape  of  globules  which  was  carried  off  and  con- 
tributed largely  to  increase  the  loss. 

Charge  No.  10,  AprU  17,  1891. 

This  charge  being  the  last  one  was  largely  increased  in  weight  for 
different  reasons.  The  furnace  was  very  hot  and  in  good  shape  to 
carry  a  heavier  charge.  Moreover,  it  was  expected  that  the  lining 
of  the  furnace  would  be  just  as  likely  to  be  destroyed  by  a  small 
charge  as  by  a  heavier  one,  and  that  in  such  a  case,  a  heavier  charge 
would  give  proportionally  better  results  and  less  loss. 

Details  of  the  Charge. 

Total  charge,  Iron  contained, 

lbs.  lbs. 

Port  Henry  pig, 6000  5000.00 

Small  wrought-iroD  scrap,           .                 .  5000  (leas  10  per  cent,  loss)     4500.00 

Ck>ke- and  ore-briquettes,     .        .        .        .6100  2570.00 

Mokta  ore, 460  247.50 

Ferro-manganese, 305  805.00 

Fluor-spar,. 40 

Lime, 40 

Total  iron  in  charge, 12,622.50 

Total  product:  Good  ingots, .        .    10,935 

Scrap,      .  .      1069  12,004.00 

Total  loss  (4.90  percent.), 618.50 

Amount  of  ore  in  the  charge, ■  4466  pounds. 

Proportion  of  ore  to  the  charge, 30  per  cent. 

Total  time  of  charge, 9  hours  50  minutes. 

Yield  of  iron  from  the  ore,     . 66.6  per  cent 

Analysis  of  steel;  G,  0.310;  P,  0.166;  Mn,  0.523 ;  S,  0.256. 

In  this  charge  the  pig-iron  and  scrap  were  almost  completely 
melted  when  the  charging  of  the  briquettes  was  begun.  The  first 
briquettes  charged  sank  immediately  in  the  iron  bath.     A  strong 
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reaction  took  place  at  once  between  the  pig-iron  and  the  briquettes, 
and  the  latter  could  be  seen  slowly  whirling  all  over  the  bath,  sur- 
rounded by  long  blue  flames.  The  level  of  the  bath  rose  nearly  to 
the  height  of  the  charging-doors,  at  such  a  rate  that  some  of  the 
briquettes  were  nearly  completely  covered  by  the  rising  cinder  and 
could  best  be  located  by  the  numerous  long  blue  flames  emerging 
from  the  bath  at  each  particular  spot  so  occupied.  All  the  briquettes, 
when  charged^  had  been  taken  directly  from  the  drying-oven  and 
were  heated  throughout.  The  slag  in  this  charge,  as  well  as  in  No. 
9,  was  very  thin  and  liquids  Six  hours  after  charge  No.  10  was 
put  in  the  furnace,  and  when  the  boiling  had  already  begun  to  sub- 
side, the  new  sand  put  on  the  bottom  before  the  charge  came  again 
to  the  surface  and  covered  the  metal,  stopping  almost  completely  all 
the  reaction.  Had  this  not  happened  the  charge  would  have  been 
entirely  finished  after  7|  to  8  hours. 

The  cinder  of  this  last  charge,  on  account  of  its  great  fluidity, 
contained  very  little  reduced  iron  in  globules.  Besides,  the  tem- 
perature throughout  the  heat  having  been  very  high,  some  of  the 
iron  that  had  settled  during  the  previous  charges  on  the  bottom  be- 
came liquid  and  thus  increased  the  weight  of  the  final  product. 
This  explains  the  very  light  loss  obtained  in  this  charge,  and  also 
why  it  has  been  found  that  an  ore  known  to  have  contained  only  64 
per  cent,  of  iron  apparently  yielded  66.6  per  cent. 

Conclusions. 

These  tests  allow  us  to  draw  the  following  conclusions : 
The  last  six  heats  mentioned  above  gave  losses  varying  from  26.6 
per  cent,  the  heaviest  loss  observed, down  to  4.90  per  cent.;  in  other 
words,  the  general  loss  would  be  equal  to  14.07  per  cent.  We  also 
notice  that  these  losses  are  heaviest  in  the  first  charges  made  on  a  new 
bottom  or  after  the  furnace  has  been  standing  idle  for  a  few  days ;  in 
fact,  they  are  heaviest  whenever  the  furnace  is  not  hot  enough 
throughout.  This  teaches  us  that,  in  order  to  reduce  the  losses,  a 
very  high  temperature  has  to  be  maintained,  allowing  the  reactions 
between  iron  and  slag  to  be  rapid. 

Furthermore,  the  two  slags  analyzed  completely,  as  well  as  the 
observations  made  on  the  slags  not  analyzed,  invariably  showed 
metallic  iron  scattered  throughout  the  slag  in  the  shape  of  iron 
globules.  In  the  two  slags  analyzed  we  found  that  the  metallic  iron 
constituted  from  7  to  9.50  per  cent,  of  the  weight  of  the  cinder. 
This  can  easily  be  avoided  by  heating  the  furnace  thoroughly  and 
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keeping  the  temperature  very  high  throughout  the  operation.  At 
the  same  time  a  judicious  addition  of  lime  and  fluor-spar  will  impart 
greater  thinness  and  fluidity  to  the  slag,  thus  allowing  the  reduced 
iron  to  sink  at  once  and  be  absorbed  by  the  metallic  bath. 

In  No.  10  the  furnace  was  very  hot  throughout  the  heat,  and  the 
cinder,  on  account  of  the  presence  of  fluor  spar,  was  very  liquid. 
For  these  reasons  very  little  iron  was  carried  out  in  the  shape  of 
globules. 

In  heats  7,  9  and  10  great  trouble  was  always  experienced  from 
the  upheaving  of  the  bottom.  This  can  only  be  attributed  to  the 
bad  sand  we  had  received  before  heat  No.  7.  This  sand  was  not 
as  refractory  as  the  sand  used  in  the  preceding  charges. 

Heat  No.  7,  which  was  made  on  an  entirely  new  bottom  con- 
taining no  iron  from  previous  charges,  gave  a  loss  of  only  10.2 
per  cent.,  and  yet  some  iron  globules  were  carried  off  with  the 
cinder.  Hence  this  charge  proves  that  in  good  practice  and  in  con- 
tinuous working,  when  the  furnace  is  constantly  kept  at  a  high 
temperature,  a  loss  of  less  than  10  per  cent,  can  be  depended  upon ; 
especially  when,  at  the  same  time,  some  means  are  taken  to  obtain  a 
fluid  cinder. 

When,  as  already  stated,  we  consider  that  we  had  to  work  in  very 
unfavorable  circumstances,  in  an  open-hearth  furnace  which  had 
been  standing  idle  for  a  long  time;  that  the  different  charges  on 
account  of  a  very  irregular  and  most  defective  supply  of  raw  mate- 
rials, had  to  be  made  at  long  intervals ;  that  the  briquettes  used  in 
first  7  charges  had  greatly  suffered  from  the  frost;  that  the  sand 
used  in  the  last  heats,  not  being  refractory  enough,  gave  us  great 
trouble,  and  that  most  of  the  men  were  new  hands  and  only  tem- 
porarily engaged  for  the  special  purpose  of  the  tests,  then  we  may 
say  that  an  average  loss  of  only  14.7  per  cent,  during  these  tests  is 
indeed  very  satisfactory.* 

In  a  ])amphlet  published  by  Mr.  C  Helson,  and  commented  on 
by  Mr.  Howe  in  the  second  edition  of  his  Metallurgy  of  Steely  1891, 
vol.  i.,  p.  384,  the  results  of  some  of  the  heats  made  with  this  process 
in  Europe  gave  losses  as  follows : 

Per  cent. 

First  heat, 13  30 

Second  heat, 7  00 

Third  heat, 6  40 

*  This  average  has  been  obtained,  not  by  taking  the  mean  of  the  various  tests, 
but  hy  taking  the  total  iron  charged  and  the  total  iron  produced  in  all  of  them. 
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An  average  of  only  9  per  cent. 

Should  a  neutral  instead  of  a  basic  lining  be  used,  then  the  com- 
position of  the  cinder  could  be  calculated  beforehand  in  such  a 
manner  that  the  place  of  iron  in  the  cinder  could  be  taken  up  by 
earthy  bases  such  as  lime,  magnesia,,  etc.,  and  not  only  could  the 
yield  in  iron  be  increased,  but  the  amount  of  cinder  considerably 
diminished. 

Whenever  a  slag  rich  in  oxide  of  iron,  as  was  the  case  in  these 
tests,  comes  in  contact  with  a  siliceous  lining  at  a  high  temperature, 
it  will  be  impossible  to  obtain  a  cinder  of  a  basic  or  neutral  char- 
acter. Thus  the  slag  that  we  intended  to  obtain  in  the  tests  was  a 
singulo-silicate,  whereas  the  real  slags  as  shown  by  two  analyses, 
were  sesqui-silicates. 

With  a  neutral  lining  nothing  of  this  kind  could  happen ;  and 
consequently  the  loss  of  iron  in  a  judiciously-conducted  heat,  made 
under  good  conditions,  would  always  be  less  than  10  per  cent. 

The  use  of  such  a  lining  would  not  only  be  beneficial  on  account 
of  the  reduced  loss  in  iron,  but  also  on  account  of  its  power  to  resist 
the  action  of  the  cinder.  It  would  require  but  little  repairs  and 
thus  shorten  the  duration  of  the  heat.  Such  a  lining,  made  of 
chromic  iron,  has  been  in  use  for  some  years  in  Europe  in  many 
steel -works,  where  it  gives  the  best  results. 

But  even  on  an  acid  lining  the  duration  of  the  heat  which,  in  these 
tests,  varied  from  7  hours  to  11  hours,  25  minutes,  averaging  8  hours, 
50  minutes,  could  be  kept  within  reasonable  limits  if,  with  a  good 
quality  of  sand  and  a  lining  made  with  proper  care,  the  following 
precautions  were  taken : 

1.  The  briquettes  should  be  slowly  and  completely  dried  by  ex- 
posure to  the  air  under  cover  from  8  to  10  days.  Of  course,  in  cur- 
rent practice,  the  briquettes,  instead  of  being  made  by  hand  as  was 
the  case  in  the  above  tests,  would  be  made  with  special  machinery, 
which  method,  besides  the  advantage  of  a  greater  economy,  would 
secure  stronger  and  more  resistant  products. 

2.  The  dried  briquettes,  for  24  hours  previous  to  their  being  used 
in  the  furnace,  should  be  thoroughly  heated  in  a  drying-oven,  but 
only  to  such  a  degree  that  they  could  be  still  charged  by  hand. 

3.  The  briquettes  should  be  charged  only  after  the  pig-iron  and 
scrap  previously  charged  on  the  bottom  of  the  furnace  have  already 
constituted  by  their  partial  fusion  a  metallic  bath  into  which  they 
can  be  dum{)ed  and  will  partially  sink,  then  giving  rise  to  an  im- 
mediate action  between  the  carbon  and  the  ore  and  allowing  the 
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formation  of  iron  sponge,  smelted  at  ouoe  and  as  fast  as  produced, 
by  the  surrounding  bath,  without  danger  of  reozidation. 

4.  Finally,  the  furnace  should  be  thoroughly  heated  before  charg- 
ing is  begun,  and  the  temperature  must  be  maintained  as  high  as 
possible  while  the  heat  is  progressing. 

Quality  of  Steel  Obtained. 

The  only  ores  that  we  had  at  our  disposal  contained,  on  an  average, 
1  per  cent,  of  sulphur,  a  proportion  much  too  high  for  good  results. 
The  wrought-  and  steel-scrap  used  contained  much  sulphur  and 
phosphorus-^-eleraents  that  cannot  be  removed  in  the  acid  open- 
hearth  process.  It  is  sufficiently  well  known  that,  by  suitable  pre- 
liminary choice  of  treatment,  material  low  in  phosphorus  and  sul- 
phur can  be  secured. 

The  only  element,  therefore,  the  elimination  of  which  is  interest- 
ing to  follow  in  these  tests,  is  carbon. 

The  following  table  gives  the  percentages  of  carbon  in  the  steel 
obtained  in  the  10  heats  made: 

Per  cent, 
carbon. 

No.l. 0.69 

"2, 0.15 

"3, 0.19 

"4, 0.18 

/*    5, 0.20 

"6, 0.25 

"7 0.20 

"8, 0.28 

"9, 0.26 

*'  10, 0.31 

The  first  heat  was  stopped  intentionally  before  the  steel  was  soil, 
it  being  already  late  in  the  evening.  In  all  the  other  heats  carbon 
varied  from  0.15  to  0.31  per  cent. 

This  result  was  obtained  without  the  least  difficulty.  It  is,  indeed, 
as  easy  as  in  the  ordinary  open-hearth  process  to  bring  the  carbon 
to  within  certain  limits.  As  soon  as  the  ore  is  smelted  the  operation 
is  conducted  exactly  as  for  an  ordinary  open-hearth  heat,  and  the 
layer  of  cinder  on  top  of  the  metal  is,  in  fact,  no  thicker  than  it 
would  be  in  the  basic  open-hearth. 

In  some  of  the  heats  manganese  is  very  high.  This  was  done,  as 
has  been  explained,  intentionally,  in  order  to  counteract  partly  the 
bad  effect  of  the  excess  of  sulphur  in  the  ores  used. 
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Physical  tests  of  the  steel  were  not  made ;  but,  on  account  of  the 
occasional  large  percentage  of  sulphur  in  the  ores  during  the  tests  (a 
percentage  much  above  what  these  concentrates  contain  ordinarily), 
such  tests  would  probably  not  have  been  satisfactory. 

The  proportion  of  ore  in  the  charges  varied  from  30  to  46.70 
and  was,  on  an  average,  36.7  per  cent. 

As  already  remarked,  four  different  mixtures  of  ore  and  carbon- 
aceous materials  were  tried.  The  briquettes  in  the  last  two  charges 
contained  substantially  21  parts  of  coke  and  27  parts  of  coal,  re- 
spectively, to  100  parts  of  ore.     These  mixtures  gave  good  results. 

Comparisons  op  Cost  between  the  Imperatori  and  the 
Ordinary  Martin -Siemens  Process. 

The  cost  of  one  ton  of  steel  in  the  two  processes  depends  on  : 

1.  The  prices  of  the  raw  materials  used  in  the  charge  and  their 
relative  proportion. 

2.  Labor. 

3.  Furnace-repairs. 

4.  The  number  of  charges  made  in  twenty-four  hours. 

As  to  the  price  and  proportions  of  raw  materials,  it  has  been 
found  at  the  steel-works  of  Savona,  Italy,  where  the  Imperatori 
process  was  first  used,  and  where  the  excellent  results  obtained  since 
its  introduction,  both  as  to  quality  of  steel  and  economy  of  operation, 
have  led  to  its  final  adoption  in  current  daily  practice,  that  the 
amount  of  scrap  used  in  the  charge  ought  not  to  be  higher  than  about 
26  per  cent.,  and  even  less  if  possible.  The  average  composition  of 
a  charge  in  this  process  may  be  given  as  follows :  40  pig-iron ;  20 
scrap ;  40  ore  in  briquettes. 

In  the  ordinary  open-hearth  furnace  the  composition  of  the 
charge  varies  largely  with  the  supply  of  scrap,  but  may  be  taken  to 
be,  on  an  average,  30  pig-iron  to  70  scrap. 

We  may  assume  for  a  calculation  the  price  of  pig-iron  at  $19  a 
ton,  and  that  of  scrap-iron  at  $21  a  ton.  The  cost  of  the  ore- briquettes 
may  be  estimated  as  follows: 

Ore,  crushed,  ground  and  concentrated  to  64  per  cent,  of  iron  can 
easily  be  obtained  in  ordinary  practice  at  6  cts.  a  unit,  and  in  many 
places  at  a  cheai>er  rate,*  so  that  a  ton  of  such  ore  will  cost  $3.20. 
Coke  can  be  obtained  at  the  rate  of  $4  a  ton  and  anthracite  coal. 


*  See  "Progress  in  Magnetic  Concentration  of  Iron-Ore,"  by  John  Birkinbine. — 
Drans^  xiz.,  656. 
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which  would  be  very  good  to  use  in  these  briquettes,  is  as  cheap  or 
cheaper.  But  as  the  coke  or  coal  has  to  be  ground  to  a  fine  powder, 
we  will  suppose  it  to  cost  even  $5  a  ton.  Briquettes  of  a  good  com- 
position will  contain  about  21  parts  coke  to  100  ore;  in  other  words, 
a  ton  of  ore  will  require  0.21  ton  of  coke.  Briquettes  containing  a 
ton  of  ore  will  then  cost : 

1  ton  of  ore, |3.20 

0.21  ton  of  coke  @' $5, 1.05 


14.25 


But  a  ton  of  metallic  iron  requires  the  use' of  1.56  tons  of  64  per 
cent,  ore,  and  will  cost  1.56  X  $4.25  =  $6.63. 

The  labor  in  both  cases  will  be  the  same,  except  for  the  making 
and  drying  of  the  briquettes.  In  current  practice,  these  briquettes 
will  be  made  by  machinery,  and  it  will  require  only  a  few  men  to 
make  from  800  to  1000  briquettes  a  day,  weighing  each  50  to  60 
pounds,  so  that  they  can  be  made  very  cheap.  As  a  liberal  estimate, 
we  will  take  50  cts.  per  ton  of  ore,  so  that  the  final  expense  per  ton 
of  iron  in  the  ore  would  amount  to : 

Ore  and  coal  (both  ground), $6.63 

Labor  on  1.56  ton  of  ore  at  50  cts.  per  ton, 0.7S 


Total  cost  of  briquettes  containing  1  ton  metallic  iron,      .      $7.41 

We  have  now  to  consider  the  repairs  to  the  furnace  and  number 
of  charges  made  per  24  hours.  The  average  total  duration  of  a 
test-heat,  as  previously  stated,  was  8  hours,  50  minutes,  while  the 
corresponding  time  in  the  ordinary  pig-and-scrap  process  is  about  8 
hours ;  this  would  make  a  difference  of  about  one  hour  in  the  time 
required. 

Now  in  the  ordinary  pig-and-scrap  process,  the  amount  of  gas- 
coal  consumed  amounts  to  about  30  per  cent,  of  the  weight  of  steel 
obtained.  Consequently,  if  the  charge  in  the  Imperatori  process 
were  to  last  about  one  hour  longer,  it  will  require  about  }  of  coal 
more,  or  say  in  all  about  34  per  cent,  of  the  weight  of  steel. 

As  to  repairs,  it  has  been  already  stated,  and  with  the  ordinary 
so-called  ore-process  it  has  been  demonstrated  at  many  works  in 
Europe,  that  a  neutrll  lining  will  require  very  little  repairs  and 
will  last  for  several  hundred  heats;  so  that  the  expense  of  re-lining 
can  be  considered  to  be  the  same  in  both  cases. 
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The  same  might  be  said  of  the  nunilier  of  heats  in  24  hours. 
This  number,  as  is  well  known,  depends  largely  on  the  repairs  re- 
quired by  the  furnace.  As  these  repairs  will  not  be  heavier  in  one 
case  than  in  the  other^  we  may  say  that  practically  the  same  number 
of  heats  can  be  made  in  both  cases  in  24  hours. 

If  we  admit,  furthermore^  that  the  loss  of  iron  in  the  pig-and- 
scrap  process  is  about  10  per  cent,  and  that  this  loss  in  the  Im- 
peratori  process  will  not  be  higher,  as  has  actually  been  shown  for 
this  latter  process,  by  several  heats  during  the  tests  (and  it  is  even 
lower  than  10  per  cent,  according  to  the  tests  made  in  Europe),  we 
can  easily  establish,  as  to  the  cost  of  steel  in  the  two  processes,  a  com^ 
parison  which  may  be  confined  to  those  items  which  constitute  the 
difference  between  them. 


Ordinary  Pig-and-Scrap  Process 

One  ton  of  iron  charged  i  ^'«-^™"'  ^'^  ®  *^^^   ' 

®      (Scrap,      0.70®    21.   . 

Lo68  10  per  cent.;  hence,  coet  of  0.9  ton  product,  . 


$  5.70 
14.70 

$20.40 
22.67 


1       "        "        . 

Iniperatori  Process. 

0.40  ton  pig-iron,  at  $19, $7.60 

0.20  scrap,  at  |21, 4.20 

0,26  iron  in  40  per  cent,  ore,  at  17.41, 2.96 

0  86  ton  iron  charged,   . $14.76 

Hence,  1  ton  of  iron  charged  (or,  after  allowing  for  10  per 

cent,  loss,  0.9  ton  of  product),  would  cost,      .        .        .      $17.16 

Or,  cost  of  1  ton  of  product, 19.06 

To  which  must  be  added  4  per  cent,  excess  of  gas  coal  over 
the  30  per  cent  of  the  weight  of  the  steel  which  is 
required  in  the  ordinary  process,  or  0.04  ton,  at  $3,      .  0.12 

Making  a  total,  for  material  and  fuel,  of       ...        .      $19.18 

The  difference  in  favor  of  the  Imperatori  process  is  $3.49  per  net 
ton  of  steel  obtained.  This  economy  is  important,  but  it  does  not 
constitute  the  only  advantage  of  the  process.  In  an  average  charge 
in  the  Imperatori  process,  composed,  as  has  been  said,  of  40  pig, 
20  scrap  and  40  ore,  the  chemical  composition  of  each  constituent 
can  lie  accurately  ascertained.  The  pig-iron  will  generally  be  low 
in  silicon,  sulphur  and  phosphorus;  such  iron  can  easily  be  obtained 
at  reasonable  price«     The  scrap  used  can  be  wholly  supplied  by  the 
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crop-ends^  rail-ends,  etc.^  from  the  works  themselves,  no  outside 
scrap  being  needed ;  consequently  its  chemical  composition  will  be 
the  same  as  that  of  the  finished  product,  and  can  always  be  relied 
upon. 

As  to  the  ores  used  in  the  briquettes,  there  will  be  no  diflScnltv 
in  securing,  at  low  rates,  concentrated  ores  (not  much  used  at  pr<^sent) 
almost  free  from  phosphorus  and  sulphur,  and  consequently  con- 
stituting an  excellent  material  for  the  production  of  the  best  quality 
of  steel. 

The  carbonaceous  material  for  the  briquettes  may  be  either  coal 
or  coke  or  charcoal  or  anthracite,  as  long  as  it  does  not  contain 
too  high  a  percentage  of  sulphur.  Charcoal  is  very  well  adapted  to 
this  process,  as  it  is  very  generally  free  from  sulphur  and  phosphorus. 
Thus  the  well-known  chemical  composition  of  the  raw  materials 
used  will  allow  of  obtaining,  at  a  low  price,  a  very  good  quality  of 
steel,  which  is  not  always  obtainable  in  the  ordinary  pig-and-scrap 
process. 

Another  very  advantageous  feature  of  the  Imperatori  process  is 
the  facility  with  which  many  ores,  hitherto  almost  useless,  could  be 
treated,  thus  enlarging  their  market,  now  very  limited.  Thus,  many 
lean  ores  largely  found  in  the  States  of  New  York  and  New  Jersey, 
and,  in  fact,  in  almost  every  one  of  the  United  States,  would  consti- 
tute, when  once  ground  and  concentrated,  an  excellent  material  for 
this  process. 

In  Morris  county,  New  Jersey,  ores  are  mined  containing  only 
from  30  to  37  per  cent,  iron,  with  0.085  sulphur,  and  0.06  phos- 
phorus, which,  concentrated,  furnish  powdered  ore  containing  64  to 
65  iron,  0.02  sulphur,  and  0.02  to  0.03,  or  even  less  phosphorus. 
These  are  well  adapted  to  be  used  in  the  Imperatori  process. 

Besides  these  concentrates,  most  of  the  magnetic  sands  found  in 
large  deposits  in  Canada  and  in  the  United  States,  and  containing 
a  high  percentage  of  iron  (as  high  as  66  per  cent,  in  certain  cases), 
could  be  made  available  by  this  process.  Many  of  these  sands,  if 
not  rich,  are  physically  associated  with  earthy  substances  which  a 
simple  washing  could  remove,  furnishing  a  practically  almost  pure 
oxide  of  iron  in  powder,  at  a  low  price  and  particularly  well  adapted 
to  be  made  up  into  briquettes. 

Another  advantage  of  this  process  is  its  easy  adaptation  to  any 
existing  open-hearth  plant,  as  it  can  be  carried  on  in  any  existing 
furnace  without  the  slightest  alteration  or  addition. 
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TEE  MOUNT  MOBQAN  MINE,  QUEENSLAND, 

BY  T.  A.    RICKARB,    MELBOURNE,   AU6TRALTA. 

(Clevelend  Meeting,  June,  1891.) 

Among  the  gold-deposits  discovered  in  recent  years  none  is  more 
extraordinary  in  richness  or  interestin}^;  in  structure  than  that  of  the 
famous  mine  at  Mount  Morgan.  At  a  time  when  but  few  Aus- 
tralian mines  were  known  to  the  world  outside  the  colonies,  Mount 
Morgan  was  quoted  as  an  occurrence,  unusual  not  only  in  its  origin 
(for  it  was  said  to  be  due  to  geysiBr-action)  but  also  in  the  purity  of 
its  gold. 

The  mine  is  situated  just  within  the  tropics,  twenty-six  miles 
southwest  of  Rockhampton,  in  central  Queensland.  Queensland 
attained  in  1889  the  first  place  among  the  gold-producing  colonies 
of  Australasia,  a  position  previously  always  held  by  Victoria.  In 
that  year  Queensland  produced  737,822  ounces,  while  Victoria  came 
second  with  614,838  ounces.  Of  the  four  chief  mining  districts 
Erockhampton  stood  first,  as  the  following  figures  show: 

Quartz  crushed,        Yield,       Average  per  ton, 
Tons. 
Rockhampton,     ....      81,138 
Charters  Towers, .        .  .    109,328 

Gympie, 106,625 

Croydon, 29,423 

It  should  be  added  that  Queensland  has  but  little  alluvial  mining, 
the  total  output  from  this  source  in  1889  being  only  5044  ounces, 
none  of  which  came  from  the  four  principal  gold-fields.  Leaving 
out  Rockhampton,  the  output  of  which  is  practically  that  of  the 
Mount  Morgan  mine,  it  will  be  noted  that  the  more  northerly  gold- 
fields  show  the  highest  average  (Gympie  being  furthest  from  and 
Croydon  nearest  to  the  equator).  This  is  largely  explained,  how- 
ever, by  the  increased  cost  of  milling,  due  chiefly  to  the  want  of 
water  for  batteries  and  the  consequent  economical  necessity  of  select- 
ing high-grade  material  only  for  crushing. 

During  the  year  ending  November  30,  1889,  the  Mount  Morgan 
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mine  produced  75,415  tons,  yielding  323,542  ounces,  13  dwts.,  13 
grs.,  worth  £1,331,484  18«.  5d.  (about  $6,657,424),  while  the  ex- 
penditure was  £227,769  198.  Sd.  (say  $1,138,849)  permitting  the 
paynnent  of  £1,100,000  ($5,500,000)  in  dividends.  The  yield  per 
ton  was  4  oz.,  6  dwts.,  4  grs.,  while  the  working-cost  was,  as  is  seen, 
only  17  per  cent,  of  the  value  of  the  product.  These  figures  speak 
for  themselves. 

So  rich  a  mine  would  be  expected  to  have  some  romance  woven  about 
the  story  of  its  discovery.  Numerous  and  various  tales  are  told  of 
the  first  recognition  of  its  value,  but  the  best  authenticated  facts  are 
as  follows :  The  property  consists  of  the  original  selection  (No.  247) 
of  640  acres  taken  up  for  grazing  purposes,  in  1873,  by  Donald 
Gordon.  Becoming  acquainted  with  the  brothers  Morgan,  who  also 
held  land  in  the  district,  he  showed  thern  one  day  a  piece  of  gold- 
bearing  quartz  which  he  had  picked  up  in  Mundic  creek.  For  a 
consideration,  stated  to  have  been  £20  and  as  much  whiskey  as  he 
could  drink,  Gordon  agreed  to  indicate  to  them  the  locality  of  the 
find.  On  the  hill  overlooking  the  creek  he  showed  them  the  siliceous 
ironstone,  some  of  which  can  still  be  seen  cropping  out  on  the  north- 
eastern slope.  The  stone  carried  visible  gold ;  they  found  by  send- 
ing samples  to  Sydney  that  it  was  even  richer  than  they  had  imagined ; 
so  they  purchased  Gordon's  holding  at  £1  per  acre. 

The  three  Morgans  subsequently  sold,  first  a  part,  and  eventually 
the  whole,  of  their  interest  in  the  mine.  In  1886  a  company  was 
formed  with  a  capital  of  one  million  shares  of  £1  each.  These  shares 
rose  toward  the  end  of  1888  to  £17  5^.  (about  $86.25)  giving  the 
mine  a  market  value  of  seventeen  and  a  quarter  millions  sterling  or 
over  eighty-six  million  dollars.  The  shares  are  now  quoted  at  £7 ; 
for  Mount  Morgan,  to  quote  the  language  used  by  the  managing 
director  at  an  annual  meeting,  "  is  after  all  only  a  gold-mine  and  is 
consequently  subject  to  the  vicissitudes  of  all  mineral  formations,*' 
which  is  a  truism  too  often  forgotten  by  those  who  conduct  mining 
operations.* 

Description  of  the  Mine. 

The  mine  does  not,  as  its  name  would  imply,  crown  the  summit 
of  a  mountain,  properly  so  called,  but  forms  a  quarry  at  the  top  of  a* 

*  Of  the  neighboring  companies  (and  as  might  be  expected  they  are  namerous, 
with  their  suggestions  of  an  extension  of  the  ore-deposit  in  such  names  as  Mount 
Morgan  West,  Mount  Morgan  Extended,  Mount  Morgan  North  Consols  and  so  on  ad 
nauseam)  none  have  proved  profitable,  notwithstanding  the  expenditure  of  much 
money  in  numerous  and  scattered  trial-shafts,  tunnels,  etc. 
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hill,  only  600  feet  above  the  village  at  its  base  and  1225  feet  above 
sea-level,  surrounded  by  very  broken  hilly  country  and  almost 
encircled  by  a  small  stream  (the  Mundic  creek  already  mentioned), 
and  in  many  respects  distinct  in  position  and  geological  structure 
from  the  hillocks  about  it.  From  the  summit  can  be  sepn  the  level 
line  of  the  ''  desert  sandstone/'  crowning  the  highest  ridges  of  the 
neighboring  hills — spurs  from  the  main  range  which  under  different 
names  (Blue  Mountains  in  New  South  Wales  and  Australian  Alps 
in  Victoria)  traverses  the  three  colonies  near  the  east  and  south- 
eastern coast  of  the  Australian  continent.  The  base  of  the  sandstone 
is  slightly  lower  than  the  summit  of  Mount  Morgan  and  overlies 
greywacke  and  quartzite.  Dykes,  of  at  least  two  periods,  form  an 
important  feature  of  the  structural  geology. 

The  crest  of  the  mount  is  being  rapidly  broken  away  in  the  quarry- 
ing operations  which  have  supplied  the  great  output  of  the  mine. 
The  removal  of  from  1200  to  1700  tons  a  week  makes  a  big  hole  in 
a  year.  While  the  greater  part  of  the  summit  has  been  thus  re- 
moved, the  northeast  slopes  still  show  the  croppings  which  first  ex- 
cited Gordon's  attention. 

The  ground  is  worked  in  terraces  or  benches,  30  feet  high  and  -^OO 
feet  long.  At  the  date  of  my  visit  five  of  these,  started  at  various 
times,  could  be  seen,  though  but  little  remained  of  the  floor,  26  feet 
from  the  top,  which  formed  the  open  cut  first  put  into  the  ore.  A 
central  shaft  passes  from  the  floor  of  the  second  terrace  and  connects 
with  the  deeper  tunnels,  a  series  of  which  have  intersected  the  deposit 
in  various  directions.  This  shaft,  at  206  feet,  connects  with  the 
Freehold  tunnel,  the  main  ore- way  of  the  mine,  which  is  789  feet 
long.  The  next  deeper  tunnel,  called  No.  1,  starting  at  right  angles 
to  the  Freehold,  from  the  southern  face  of  the  hill  and  penetrating 
it  for  1070  feet,  is  165  feet  below  the  floor  of  the  lowest  surface- 
working  and  320  feet  below  the  original  summit.  This  No.  1 
tunnel,  though  only  33  feet  deeper  than  the  Freehold,  affords  a  very 
interesting  section  of  the  mountain  and  indicates  a  great  change  in 
the  form  of  the  ore-deposit.  It  is  the  deepest  of  the  adits  (for  adits 
and  not  strictly  tunnels  most  of  them  are),  except  the  '^  Sunbeam,'' 
which  had  been  started  at  the  time  of  my  visit ;  but  it  had  not  been 
advanced  sufficiently  to  throw  any  additional  light  upon  the  struc- 
ture of  the  mountain. 

The  Mount  Morgan  ore  is  remarkable  for  its  extremely  hetero- 
geneous character.  The  frequent  alleged  discoveries  of  ''a  second 
Mount  Morgan,"  supported  by  similarity  of  the  sj)ecimens  exhibited 
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to  specimens  of  the  Mount  Morgan  ore,  are  not  to  be  wondered  at, 
in  view  of  the  great  difference  in  appearance  of  fragments  broken  in 
different  parts  of  the  same  heading  of  this  mine.  The  material 
quarried  in  the  upper  workings,  samples  of  which  are  now  to  be 
found  in  collections  and  museums  all  over  the  globe,  is  generally  so 
friable  and  shattered,  as  to  render  its  removal  with  the  aid  of  black 
powder  only,  very  easy.  Standing  in  one  of  the  open  cuts,  one  can 
see  faces  of  bluish-gray  crushed  quartz  very  similar  to  Comstock 
ore ;  masses  of  siliceous  hematite  (usually  considered  the  most  typical 
Mount  Morgan  stone)  resembling  the  croppings  of  ordinary  gold- 
veins,  whether  in  Victoria  or  California ;  heavy  black  iridescent 
iron-stone  which  might  be  the  cap  of  a  silver-lode;  and  light- 
colored  reddish  ore  which  might  come  from  the  gossan  of  a  copper- 
mine.  Some  of  the  material  is  crushed  to  the  consistency  of  sugar, 
while  in  other  portions  of  the  mine  men  are  seen  employed  in  break- 
ing boulder-like  ma&ses  of  ore.  Stalactitic  forms  occur  in  cavities, 
whilst  a  vermicular  and  reniform  appearance  is  also  not  uncommon. 
Very  rich  returns  were  obtained  from  a  body  of  bluish-black,  beau- 
tifully iridescent  ore.  The  Freehold  tunnel-workings  encountered 
a  patch  of  very  pure  white,  porous,  friable  "sinter,^'  so  light,  owing 
to  the  imprisoned  air,  that  it  would  float  on  water. 

Mount  Morgan  is  not  a  ^^specimen-mine,"  though  in  its  early 
history  it  furnished  very  lovely  pieces  of  gold-quartz,  some  of  which 
I  saw  in  Sydney.  They  consisted  of  an  iron  gossan,  containing  big 
"splashes''  of  gold,  of  the  size  of  a  thumb-nail.  As  a  rule,  how- 
ever, the  gold,  even  when  visible,  is  very  fine  and  scattered  thickly 
through  the  stone ;  but  owing  to  its  peculiar  character  (the  coating 
of  oxide  of  iron  to  be  referred  to  later  on)  it  is  not  readily  detected 
by  the  eye. 

Examination  of  the  many  varieties  of  ore  shows  that  while  there 
may  be  a  great  difference  in  outward  appearance,  due  to  coatings  of 
many-colored  oxides,  the  ore  is  always  substantially  quartzose.  As 
seen  in  the  surface- workings,  the  deposit  may  be  considered  a  mass 
of  quartzose  material  of  varying  color  and  specific  gravity,  traversed 
by  a  series  of  dykes  having  a  general  N.  W.  and  S.  E.  direction. 
Its  extent  is  approximately  indicated  by  the  various  workings  which 
intersect  the  hill.  In  the  upper  part  of  the  mine,  while  the  north 
and  northeastern  slopes  prove  it  to  be  continuous  in  these  directions, 
its  eastern  limit  has  been  reached  in  the  lower  floors  or  benches ;  and 
to  the  southwest  it  is  bounded  by  a  large  felstoue  dyke,  which  forms 
the   most   marked   feature  of  the  surface^xcavations.     The  first 
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tannel  to  pierce  the. hill  is  No.  2,  which  starts  from  the  fifth  or 
lowest  floor,  running  N.  10°  E.  and  penetrating  120  feet  of  ore  before 
it  reaches  a  dvke.  This  is  probably  the  dyke  above  mentioned 
as  the  boundary  of  the  deposit  in  the  upper  floors;  but  here  it  has 
evidently  cut  into  the  deposit.  Beyond  this  dyke  the  tunnel  is  in 
ore  for  200  feet  further,  before  meeting  another  intrusion  of  felsitic 
matter,  which  extends  for  the  remaining  130  feet  to  daylight.  A 
branch-tunnel  proves  the  continuity  of  the  ore-body  eastward.  At 
this  level  the  stone  evidently  holds  out  most  satisfactorily,  and  is^  I 
believe,  for  the  most  part  auriferous.  It  is  a  porous  siliceous  mate- 
rial, varying  between  a  light  '^ sinter'^  (sometimes  white,  sometimes 
iron-stained)  and  a  heavy  iron-stone,  often  manganic,  the  latter  in 
boulder-like  masses. 

The  next  tunnel  is  the  Freehold,  forming,  as  has  been  said,  the 
main  artery  of  the  mine.  It  connects  with  the  shaft  (sunk  from  the 
No.  2  floor),  and  from  the  moutli  of  it  a  tramway  carries  the  ore  to 
the  chlorination-works.  The  tunnel  starts  from  the  southeast  face 
of  the  hill,  traversing  a  decomposed  rhyolite  for  the  first  180  feet, 
and  then  cuts  through  40  feet  of  pyritiferous  quartzite,  a  rock  which 
here  first  makes  its  appearance  and  which  will  be  seen  to  play  an 
important  part  in  the  geology  of  the  locality.  Leaving  the  quartzite, 
the  tunnel  cuts  through  1 80  feet  of  a  rock  which  I  recognize*  as  a 
normal  dolerite.  The  innermost  portion  is  decomposed,  and  abuts 
against  a  much  altered  feldspathic  rock.  This  brings  us  to  390  feet 
from  daylight ;  the  remainder  of  the  tunnel  (397  feet)  traverses  the 
ore-depoeit.  The  ore  is  a  light  sinter-like  quartz,  often  iron-stained ; 
but  while  it  contains  short  rich  patches  the  general  tenor  is  low. 
Near  the  junction  with  the  main  shaft,  almost  at  the  end  of  the 
tunnel,  a  branch  cross-cut  runs  southward  for  237  feet.  The  first 
]  86  feet  are  in  the  deposit,  which  here  also  is  poor,  though  in  ap- 
pearance it  does  not  difibr  from  the  richer  portions.f  The  next  20 
feet  traverse  the  dyke  which  at  this  point,  as  in  the  upper  floors, 
forms  the  limit  of  the  ore-body.  Beyond  this  there  is  only  to  be 
seen  the  pyritiferous  quartzite,  which  also  ap|>ears  in  a  short  cross- 
cat  to  the  east. 

The  next  deeper  tunnel  is  No.  1,  only  33  feet  below  the  Freehold. 
I  was  denied  access  to  this,  and  am,  therefore,  indebted  to  a  govern- 


*  Thanks  to  microscopic  sections  shown  to  me  at  Charters  Towers  by  Mr.  Clarke, 
t  It  is  here  that  one  sees  the  light,  white,  pumice-like  material  which,  owing  to 
the  air  in  its  cavities,  will  float  on  water. 
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ment  report*  for  the  following  particulars  :  This  adit,  1070  feet  long, 
starts  in,  and  traverses,  the  quartzite  of  the  country  for  132  feet  before 
passing  throngh  a  narrow  dyke ;  it  then  passes  through  67  feet  more 
of  highly  pyritiferous  quartzite,  which  continues  to  within  12  feet 
of  a  shaft  coming  down  from  floor  No.  5.  There  next  succeeds  a 
large  felstone  dyke  (the  one  noted  as  cut  in  the  tunnel  above),  and 
the  remainder  of  the  adit  continues  in  pyritiferous  quartzite,  alter- 
nating with  numerous  dykes,  until  the  last  200  feet  are  reached, 
which  are  occupied  by  an  altered  dolerite.  The  auriferous  material 
of  the  upper  workings  was  represented  in  this  adit  by  26  feet  only 
of  siliceous  iron-stone.  Two  branch  cross-cuts  similarly  prove  the 
absence  of  the  deposit  in  this  part  of  the  mine  at  this  depth,  as  they 
also  intercept  the  quartzite  of  the  country. 

A  still  lower  tunnel,  the  Sunbeam,  starts  from  the  west  face  of  the 
mountain,  passing  through  pyritiferous  quartzite ;  but  it  was  not 
advanced  sufficiently  at  the  time  of  my  visit  to  afford  any  evidence 
as  to  the  extent  of  the  ore-deposit. 

It  will  be  noted  that  the  largest  section  as  yet  obtained  of  the 
auriferous  portion  of  the  deposit  is  in  tunnel  No.  2,  where  its  dimen- 
sions are  356  feet  (26  feet  of  which  is  occupied  by  the  big  dyke)  in 
a  north  direction,  by  310  feet  east,  as  proved  by  a  branch  cross-cut 
The  deposit  has  been  proved  to  extend  further  eastward  in  the  deeper 
levels  (Freehold  tunnel)  than  it  did  in  the  surface-excavations,  while 
on  the  other  hand  its  western  limits  are  more  restricted. 

Theories  of  the  Formation  of  the  Ore-Deposit. 

The  origin  of  the  ore-deposit  has  been,  as  might  be  expected,  the 
theme  of  much  controversy.  The  earliest  description  came  from  Mr. 
R.  L.  Jack,  the  head  of  the  Queensland  geological  survey,  well 
known  as  a  careful  observer.  His  report  was  made  officially  for  his 
government  and  appeared  in  1884.  Others  have  contributed  their 
opinions  since ;  and  meanwhile  the  rapid  development  of  the  mine, 
more  particularly  by  the  deeper  adits,  has  furnished  additional  data 
for  a  problem,  of  which  the  following  solutions  have  been  offered : 

1.  That  the  deposit  is  that  of  a  geyser  (R.  L.  Jack). 

2.  That  it  is  an  auriferous  zone  traversed  by  a  series  of  quartz 
veins  of  auriferous  mundic  (J.  Macdonald  Cameron). 

3.  That  it  is  the  decomposed  cap  of  a  large  pyrite-lode  (the  view 
held  by  several  local  and  other  mining  engineers). 

*  R.  L.  Jack's  second  report,  which  will  be  referred  to  again. 
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The  Geyser-Theory, — ^The  first  of  these  explanations^  known  as  the 
"geyserTtheory/'  was  promulgated  by  Mr.  Jack  in  his  first  report, 
dated  November  8,  1884.  It  has  found  its  way  into  many  scientific 
publications,  and  has  been  uutil  recently  the  most  widely  accepted. 
Citing  as  a  similar  occurrence  the  hot  springs  and  geysers  of  the 
Yellowstone  Park,  described  by  Dr.  A.  C.  Peale  in  the  United  States 
Geological  Survey  reports,  Mr.  Jack  observes  in  his  first  report: 
*'  Nothing  but  a  thermal  spring  in  the  open  air  could  have  deposited 
the  material  under  consideration.'^  The  two  sections  shown  in  Figs. 
1  and  2  are  taken  from  that  report.  Of  Fig.  1,  he  says:  "The 
above  diagram  represents  my  idea  of  what  would  take  place  in  the 
case  of  a  geyser  remaining  in  activity  for  a  (geologically  speaking) 
lengthened  period.'^  The  original  form  of  the  ground  is  shown  by 
aa^  the  deposit  of  precipitated  material  by  56,  the  layer  of  solid 
material  at  cc,  while  the  surface-contour  is  indicated  by  dd.  In  de- 
scribing this  section  he  concludes,  "  Such,  I  believe,  is  the  history  of 
Mount  Morgan  as  we  now  see  it." 

The  structure  of  the  mountain  is  supposed  to  be  shown  by  Fig.  2, 
in  which  Mr.  Jack  indicates  rhyolite  dykes  at  d  and  metamorphic 
rocks  at  s.  He  says ;  "  a  is  the  pipe  of  the  geyser  (theoretical),  6 
the  cup-deposit  and  c  the  overflow  of  the  geyser." 

These  two  sections  have  found  their  way  into  scientific  publica- 
tions all  over  the  world,  and  have  been  for  a  long  time  accepted  as 
most  interesting  explanations  of  one  of  the  richest  of  modern  gold- 
mines.    But  they  evidently  are  altogether  imaginary  and  theoretical. 

The  same  geologist  says,  in  his  description :  "  After  the  cessation 
of  thermal  activity  the  powers  of  sub-aerial  denudation  would  come 
into  play.  Denudation  would  obliterate  the  lateral  terraces  which 
were  probably  not  absent  from  the  slopes  of  Mount  Morgan."  The 
information  obtainable  in  1884  as  to  the  nature  of  the  deposit  was 
totally  insufficient  to  enable  an  observer,  however  careful  and  ex- 
perienced, to  build  a  theory  upon.  The  amount  of  work  done  at 
that  time  was  mostly  limited  to  one  open  cut,  10  by  15  feet  in  size, 
which  showed  a  fan-like  arrangement  of  the  ore,  suggesting  to  Mr. 
Jack  the  structure  of  a  geyser.  It  was  an  altogether  local  appear- 
ance, as  was  proved  by  the  work  of  a  few  days  later. 

In  a  second  report,  dated  December  12,  1888,  Mr.  Jack  adds: 
"  The  evidence  now  to  hand,  in  my  opinion,  goes  far  to  confirm  my 
original  view  that  the  auriferous  material  was  deposited  by  a  thermal 
spring."  The  deposit  had  been  asserted  in  the  first  report  to  have 
been  formed  "in  the  open  air,"  a  condition  constituting  the  whole 
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distinctive  value  of  the  theory,  which  otherwise  might  not  differ 
materially  from  the  views  accepted  as  to  the  aqueous  origin  of  ore- 
deposits  in  general.  In  the  second  report  the  author  declares  his 
theory  to  have  been  confirmed,  but  produces  evidence  which  really 
contradicts  its  essential  feature. 

Taking  the  two  reports  together,  we  find  that,  in  support  of  his 
explanation,  Mr.  Jack  adduces:  (a)  the  '^fan-like  arrangement''  of 
the  material;  (6)  '^the  frothy  and  cavernous  condition"  of  the 
siliceous  sinter;  (o)  the  hydrated  condition  of  the  silica  and  {d)  the 
fact  that  one  of  the  dykes  intersecting  the  country  does  not  also  in- 
tersect the  deposit. 

(a)  The  •'  magazine "  face,  at  the  time  of  Mr.  Jack's  first  visit, 
appeared  to  him  to  have  a  distinctly  fan-like  structure.  But  little 
work  having  been  done  since  that  time  at  this  particular  point,  it 
should  be  possible  to  verify  this  statement ;  but  the  most  careful 
observation  does  not  confirm  it.  The  cutting  shows  an  arrangement 
of  loose  material  such  as  can  frequently  be  seen  in  surface-excava- 
tions, probably  less  marked  now  than  when  first  seen  by  Mr.  Jack ; 
but  the  entire  absence  of  any  repetition  of  such  an  arrangement  of 
material  in  the  other  workings' must  destroy  its  value  as  evidence,  if 
it  ever  had  any. 

(6)  The  "  frothy  and  cavernous "  condition  of  the  quartz  is  not 
peculiar  to  Mount  Morgan.  Those  who  are  familiar  with  the 
pocket-mines  of  California  will  remember  the  very  light,  pumice- 
like quartz  which  often  accompanies  the  gold  in  those  mines.  It  is 
the  light  honeycombed  quartz  found  in  the  gossan  of  gold-veins  in 
many  places.  Generally  speaking,  the  Mount  Morgan  gangue  can 
be  duplicated  elsewhere;  and  the  particularly  light  *^  frothy  sinter," 
noticeable  as  a  patch  in  the  deeper  workings,  difiers  only  from  the 
bulk  of  the  quartzose  ore  in  that  it  is  remarkably  free  from  accessory 
minerals.  It  is  the  siliceous  skeleton  produced  by  surface-decom- 
position of  more  than  ordinary  intensity.  It  is  possible  to  produce 
artificially  in  a  few  minutes,  by  the  application  of  acid  to  very  dis- 
similar iron-stone  ore,  a  material  similar  to  that  noted,  which  has 
undergone  the  chemical  action  of  underground  waters  during  long 
periods. 

(c)  The  hydrated  condition  of  the  silica  is  not  unusual  in  quartz- 
lodes,  and  while  it  is  valuable  as  evidence  to  disprove  the  suggestion 
that  the  ore  is  the  replacement  of  anhydrous  quartzite,  it  does  not 
necessarily  point  to  the  agency  of  a  geyser. 

{d)  The  intersection  of  the  country  by  a  dyke  which  does  not  pene- 
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trate  the  deposit  is  an  important  fact.     The  dyke  referred  to  is  that 
cut  by  tunnel  No.  1  at  120  feet  from  the  shaft  coming  down  from 
floor  No.  5.     Mr.  Jack  says,  at  the  end  of  the  second  report :  "  This 
shows  that  the  sinter  and  iron-stone  are  deposited  on,  and  were  not 
altered  portions  of,  the  pyritous  quartzite  country-rock."     Unfor- 
tunately the  evidence  is  far  from  conclusive.     In  describing  No.  1 
tunnel  the  dyke  is  referred  to  in  the  following  sentence :  ^'  A  quart- 
zose  rock  full  of  fine  pyrites  is  traversed  for  the  next  37  feet,  when 
a  dolerite  or  rhyolite  dyke  is  cut.     The  direction  of  this  dyke  is  un- 
certain, as  the  tunnel  is  here  timbered  up."     In  his  descriptions  Mr. 
Jack  always  endeavors  to  draw  a  marked  distinction  between  the 
"  felstone  "  dykes  which  penetrate  the  ore  and  the  "  dolerite "  and 
"  rhyolite  "  which  intersect  the  country-rock.     Now,  this  distinction 
is  arbitrary  and  misleading.     I  examined  the  rocks  both  in  situ  Rud^ 
a  few  days  afterwards,  under  the  microscope.    The  dykes  penetrating 
the  deposit  are  so  decomposed  that  it  is  impossible  now  to  determine 
which  is  felstone  and  which  rhyolite.     The  dykes  cutting  through 
the  country  are  similarly,  but  not  to  so  great  a  degree,  decomposed^ 
especially  in  the  vicinity  of  the  deposit.     The  statement  that  a 
"dolerite  or  rhyolite"  dyke  does  not  penetrate  a  deposit  which  is 
freely  intersected  by  decomposed  feldspathic  eruptives,  should  be  sup- 
ported by  proof     It  is  not  so  here;  for  the  dyke  cut  in  No.  1  tunnel 
has  not  been  followed  upward,  and  in  the  south  branch  of  the  Free- 
hold tunnel,  just  overhead,  there  is  a  dyke,  which  is  possibly  the  one 
in  question. 

My  sections,  shown  in  Figs.  3  and  4,  will  illustrate  this.  The 
left  half  of  Fig.  4  resembles  one  of  Mr.  Jack's  sections,  being  taken 
along  a  nearly  identical  plane  (mine  is  taken  due  north  and  south). 
His  section,  however,  gives  a  curved  contour  to  the  limit  of  the 
deposit,  very  nicely,  but  unwarrantably,  su^esting  the  shape  of  a 
geyser-basin.  The  right  half  of  the  section  is  not  filled  in,  since 
this  part  of  the  mount  has  not  been  thoroughly  developed.  Fig.  3  is 
taken  along  a  line  E.  17°  S.,  and  is  obtained  by  projecting  the  cross- 
cuts from  the  No.  1  and  Freehold  tunnels  upon  the  plane  of  the  No. 
2  tunnel. 

In  further  considering  the  conditions  under  which  thermal  springs 
and  geysers"*"  exist,  and  the  similarity  of  such  conditions  to  those  ob- 
taining at  Mount  Morgan,  it  may  be  noted: 

1.  Isolated  geysers  are  unusual,  nothing  being  more  remarkable 

*  A  geyser  may  be  defined  as  a  thermal  spring  ejecting  material  in  the  open  air. 
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than  the  ext«D<]ed  ar«a  of  such  phenomena.  But,  vigorous  and  ex- 
teosive  prospecting,  such  prospecting  as  always  follows  great  min- 
eral discoveries,  has  not  led  in  this  region  to  the  finding  of  anything 


similar  to  Mount  Morgan  or  to  a  geyser.  It  b  true,  there  is  a  small 
hillock  adjoining  the  mount  to  the  northwest  (called  Callan's  Knob) 
where  somewhat  similar  material  has  been  found ;  but  it  may  be 
considered  as  an  uffiihoot  or  spur  from  the  main  deposit. 
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2.  Geysers  have  terrace-formations  due  to  the  overflow  of  the 
siliceous  or  calcareous  waters.  The  map  accompanying  Mr.  Jack's 
first  report  indicated  "  the  overflow  from  the  hot  spring ''  as  cover- 
ing an  area  of  2000  by  3000  feet.  But  this  was  purely  a  guess,  for 
such  overflow-material  is  not  to  be  seen ;  had  the  terraces  existed^ 
and  had  they  been  removed  by  denudation,  would  not  the  adjoining 
river  beds  show  some  accumulations  of  their  detritus  f 

3.  Geysers  have  a  central  vent,  which,  when  the  geyser  becomes 
extinct,  is  found  to  be  choked  up  with  sinter.  Though  Mount 
Morgan  has  been  traversed  by  a  number  of  adits  and  crosscuts,  not 
to  mention  extensive  surface-excavations,  no  such  vent  and  no  such 
central  column,  or  anything  suggestive  of  either,  has  been  seen. 

The  Network' Theory. — The  second  explanation  is  that  of  J.  Mac- 
donald  Cameron,  namely,  that  it  is  a  network  of  quartz  veins.  This 
opinion  was  expressed  in  a  report  to  the  directors  of  the  company, 
dated  March  26,  1887.  The  following  passage  outlines  the  author's 
ideas:  "It  (Mount  Morgan)  may  be  considered  as  consisting  of  a 
net-work  of  quartz  veins,  about  200  feet  in  width,  traversing  on  the 
one  hand  a  metamorphic  matrix  of  a  somewhat  argilloarenaceous 
composition,  largely  impregnated  where  it  has  been  exposed  to  at- 
mospheric influence  with  oxides  of  iron,  and  on  the  other  hand  what 
appears  to  be  a  felspathic  tufaceous  igneous  rock."  The  author  ad- 
vances no  proof  that  such  is  the  case.  What  evidence  he  does  give 
is  couched  in  the  vaguest  phraseology.  This  explanation  is  proved 
untenable  by  the  same  reasons  as  those  which  apply  to  the  third 
theory  now  to  be  considered. 

Tlie  Lode-  ITieory. — The  view  that  this  deposit  is  the  decomposed 
cap  of  a  pyrites  lode,  has  derived  fictitious  importance  from  the  fact 
that  it  is  alleged  to  be  the  opinion  of  the  mine-manager  and  others 
interested  in  the  property.  Such  a  vitew  has  been  the  excuse  for  the 
large  number  of  "  extended"  companies  (they  call  them  "  pups"  in 
Victoria),  companies  which,  in  the  light  of  our  present  knowledge, 
were  almost  certainly  foredoomed  to  failure.  The  prevalence  of  the 
lode-theory  in  the  early  days  of  mining  at  Mount  Morgan  is  not  to 
be  wondered  at,  however  little  warrant  there  may  be  for  it  now.  It 
was  due  to  the  existence  of  mundic  veins  in  the  vicinity,  the  easts  of 
pyrites  crystals  found  in  the  ore,  and  the  neighborhood  of  the  pyri- 
tiferous  quartzite,  the  true  relation  of  which  was  not  known,  or  if 
known,  was  kept  very  quiet  The  well-marked  limits  of  the  great 
deposit,  as  outlined  by  the  deeper  developments  of  the  last  two  years, 
completely  disproves  this  theory  and  that  of  Cameron.     No  doubt, 
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the  assertion  of  the  continuity  of  the  gold-bearing  rock,  even  though 
it  should  become  pyritiferous,  has  fascinations  for  a  shareholder 
which  even  a  geolc^ist  can  understand.  But  the  deeper  tunnels 
have  proved  that  lode-structure  is  entirely  absent,  and  that  the  de- 
posit lies  upon,  but  is  not  an  altered  portion  of,  the  pyritiferous 
quartzite  of  the  country. 

The  Theory  of  Metamorphosia  and  Replacement, — The  more  than 
ordinary  size  and  value  of  the  Mount  Morgan  ore-deposit,  the  ro- 
mantic history  of  its  discovery  and  its  subsequent  marvellous  pro- 
duction, have  all  helped  to  place  it  outside  the  ordinary  type  of 
mineral  occurrence.  This  is  often  the  case  with  new  discoveries, 
and  it  is  not  the  first  time  that  the  geyser  has  been  a  deus  ex  machina 
to  a  perplexed  geologist.  The  splendid  work  done  in  recent  years 
by  Sandberger,  Daubre^  and  others  in  the  study  of  the  chemical 
change,  and  the  distribution  by  underground  waters,  of  the  minerals 
of  the  older  rocks  has  led  to  a  gradual  substitution,  for  theories  of 
eruption,  or  direct  igneous  agencies  in  general,  of  the  belief  in  the 
capability  of  aqueous  agencies  to  bring  about  most  of  the  phenomena 
of  ore-deposition.  Moreover,  the  action  of  percolating  solutions  on 
the  minerals  of  the  crystalline  rocks,  and  subsequent  interchange 
with  the  more  soluble  portions  of  the  neighboring  rock-masses,  have, 
to  a  great  extent,  replaced  the  assumptions  of  the  old  ascension- 
theories.  The  view  that  the  more  ore-deposits  are  studied  the  more 
frequently  they  will  be  found  to  be  in  great  part  the  product  of  the 
replacement  of  the  country-rock  is  gaining  ground,  and  has  been 
much  strengthened  by  the  researches  of  Becker  at  Virginia  City, 
Curtis  at  Eureka,  and  Emmons  at  Leadville,  as  contained  in  the 
monographs  published  by  the  U.  S.  Geological  Survey,  monographs 
(the  last-mentioned,  particularly),  which  are  the  classics  of  modern 
economic  geology.  This  view,  which  underground  experience  is 
continually  confirming,  has  explained  many  of  the  more  unusual 
types  of  ore-deposition  in  Europe  and  America,  and  I  believe  it  will 
apply  to  Mount  Morgan. 

The  explanation  suggested  is  this :  that  the  ore-deposit  of  Mount 
Morgan  represents  an  altered  portion  of  shattered  country-rock, 
which,  by  reason  of  its  crushed  condition,  was  readily  acted  upon  by 
mineral  solutions,  and  that  these  solutions  replaced  the  basic  and 
feldspathic  with  acidic  and  quartzose  material,  which  was  also  gold- 
bearing.  It  is  its  quartzose  and  permeable  character  which  has  saved 
from  disintegration  the  mass  thus  a£Pected,  and  has  preserved  it  as 

an  ore-body  on  the  summit  of  the  hill, 
vol*.  XX.— 10 
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A  case,  in  many  respects  very  similar,  occurs  in  the  Red  Mountain 
basin,  Colorado,  and  the  following  description  given  by  Mr.  Em- 
noons*  is  clearly  in  point : 

"  Instead^  however,  of  beinp:  Burfaoe-deposits,  they  [the  Bed  Mountain  deposits] 
are  simply  portions  of  the  andesitic  country-rock  from  which  acid  waters  have  re- 
moved the  basic  constitiientp,  perhaps  depositing  a  certain  amount  of  silica  in  their 
place;  the  resulting  quartznse  masses,  offering  greater  resistance  to  the  disintegrat- 
ing eflToct  of  atmospheric  agents  and  to  erosion  than  the  surrounding  rocks,  have 
been  left  as  monnd  like  ridges  protruding  above  the  general  surface,  more  or  less 
independent  of  the  natural  drainage-channels." 

This  explanation,  curiously  enough,  wtis  also  given  to  disprove  a 
geyser-theory,  bat  the  de|K)sits  in  question  seem  to  possess  scientific 
interest  only. 

Deposits  of  somewhat  kindred  origin  are  the  Yankee  Girl  and 
Bassick  mines  in  Colorado.  The  former,  a  well-known  mine  in  the 
San  Juan  district,  is  perhaps  the  more  suggestive,  since  in  that  case 
several  fracture-planes  meet  to  form  a  wedgenshaped  mass  of  rock, 
which  has  been  so  acted  upon  by  percolating  waters  as  to  become  a 
"  chimney  "  of  very  valuable  silver-ore. 

To  return  to  the  particular  conditions  whi(*h  obtained  in  the  dis- 
trict under  discussion:  The  country  around  Mount  Morgan  consists, 
in  descending  series,  of  sandstone,  greywacke,  quartzite,  shales  and 
occasional  bands  of  serpentine.  Intrusive  ma&ses  of  dolerite  inter- 
penetrate the  country,  and  often  occupy  a  position  between  the 
originally  stratificvl  rocks.  The  sandstone  is  known  in  the  geology 
of  Queensland  as  ^'  Daintree's  desert  sandstone,"  and^  by  virtue  of  a 
recent  discovery  of  fossil  remains,  may  be  labelled  as  Cretaceous.  The 
greywacke  has  not  been  recognized  as  such  on  the  Mount  itself,  but 
it  underlies  the  sandstone  in  other  parts  of  the  district  It  is  a  mix- 
ture of  silico-feldspathio  material,  which  shades  off  intoagreywacke- 
slate,  and  is  usitally  so  much  altered  as  to  be  scarcely  distinguishable 
from  a  true  eruptive.  The  quartzite  has  a  bluish-gray  color,  and  is 
highly  pyritiferous,  the  pyrites  carrying  traces  of  gold. 

The  shales  are  usually  so  indurated  and  altered  as  to  resemble 
closely  the  crystalline  r^xjks.  The  dolerite,  when  fresh,  is  a  typical 
rock  of  its  class,  and  in  various  intrusive  forms  is  cut  through  by 
most'Of  the  prospecting-shafts  at  the  base  and  around  the  mountain. 
The«erpentine  is  of  very  limited  occurrence.  Some  uncertain,  un- 
deienmined  decomposed  rocks,  which  have  also  been  called  dolerite, 

*  "Structural  Relations  of  Ore- Deposits."— TVofuaef/ana,  xvi.,  809. 
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are  probably  metamorpbosed  greywacke.  The  country  is  freely  in- 
tersected by  dykes  of  varying  composition,  especially  near  the  ore- 
depottt. 

The  history  of  these  rocks  I  read  somewhat  as  follows :  A  period  of 
dynamic  disturbance  is  indicated  by  the  intrusions  of  dolerite,  which, 
by  extreme  metamorphism,  might  have  changed  a  dolomite  into  the 
serpentine  we  now  see ;  would  have  indurated  the  shales  so  that  they 
are  scarcely  to  be  distinguished  from  the  crystalline  rocks;  and 
would  also,  accompanied  by  chemical  alteration^  change  a  ferrugi- 
nous red  sandstone  into  a  bluish-gray,  highly  pyritiferous  quartzite. 
Approaching  the  surface,  the  same  energy  would  be  expended  in 
the  fracturing  of  the  quartzite  and  greywacke ;  the  intrusive  dolerite 
would  rise  through  the  fissures  in  the  shattered  rocks,  forming  dykes, 
which,  meeting  a  silico-feldspathic  granular  rock  (the  greywacke), 
would  give  it  a  semi-crystalline  character.  The  sandstone  would 
similarly  be  vitrified.  Later  movements  would  result  in  the  further 
intersection  of  this  part  of  the  district  by  the  numerous  dykes,  the 
decomposed  remains  of  which  are  now  to  be  seen  ramifying  through 
the  deposit.  Those  gradual  chemical  interchanges  would  take  place 
which  resulted  in  the  alteration  of  the  shattered  country-rock,  and 
its  becoming  a  portion  of  the  gangue  inclosing  the  auriferous  ma- 
terial, which  was  then,  or  at  a  later  time,  deposited.  In  process  of 
time,  subaerial  denudation  removed  the  sandstone,  which  now  is  only 
to  be  seen  on  the  further  summits  of  the  neighboring  hills.  At- 
mospheric agency  continued  to  carve  away  the  less  siliceous  and  less 
porous  portions  of  the  country  surrounding  the  deposit,  until  Mount 
Moi^an,  owing  to  the  pervious,  qnartzose  nature  of  its  crest,  re- 
mained as  a  low  hill  in  an  undulating  country. 

The  district  of  Mount  Morgan  has  undergone  extreme  metamor- 
pfaism,  accompanied,  as  such  metamorphism  frequently  is,  by  those 
chemical  reactions  which  more  or  less  completely  alter  the  rocks  acted 
upon. 

It  is  probable  that  there  was  more  than  one  period  of  such  ac- 
tivity, alternating  with  intervals  of  rest,  during  which  the  pressure 
of  overlying  rock-masses  and  the  cementing  action  of  the  under- 
ground waters  would  slowly  re-solidify  the  more  or  less  shattered 
rocks. 

The  deposit  occupies  a  shattered  portion  of  country-rock,  freely 
intersected  by  dykes.  The  largest  dyke  in  the  upper  workings  cuts 
through  the  ore  at  one  level,  while  it  bounds  it  at  another.  It  seems 
in  keeping  with  experience  elsewhere,  to  suppose  that  the  dykes 
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penetrating  the  coantrj  formed  passages  along  the  line  of  oontact^ 
through  which  and  around  which,  by  the  agency  of  mineral  solu- 
tions, the  deposition  took  place,  sometimes  on  one  side  only,  some- 
times on  both,  the  physical  condition  of  the  different  portions  deter- 
mining, in  a  large  measure,  the  extent  of  such  deposition  and  re- 
placement. It  is  also  probable  that,  after  the  formation  of  the  de- 
posit, later  movements  caused  the  circulation  of  fresh  mineral-bear- 
ing solutions,  which  would  lead  to  the  enrichment  of  the  deposit  at 
certain  points,  and  so  explain  the  irregular  tenor  of  the  ore. 

The  evidence  at  hand  is  not  sufficient  to  enable  us  to  determine 
the  particular  rock  in  which  the  deposit  was  formed,  and  which  it 
almost  entirely  replaced  ;  but  it  could  not  have  been  the  underlying 
quartzite,  the  line  of  contact  with  which  shows  no  gradation  into 
the  ore ;  and  of  the  other  two  possible  rocks,  the  grey wacke  and  the 
sandstone,  the  indications  point  to  the  former.*  In  the  neighbor- 
ing prospecting-shails,  auriferous  quartzose  material  resembling  that 
of  Mount  Morgan  has  been  found  to  pass  into  a  grey  wacke  or  grey- 
wacke-slate,  which,  in  turn,  overlies  the  pyritiferous  quartzite.  Silicate 
of  alumina  is  generally  present  throughout  the  deposit.  The  char- 
acter of  the  ore-material  is  such  as  would  result  from  the  alteration  of 
a  silioo-feldspathic  rock  by  the  action  of  mineral-bearing  solutions. 

The  numerous  dykes  which  penetrate  the  deposit  are  the  evidence 
and  the  result  of  the  dynamic  agency  which  fissured  the  country- 
rock,  and  in  so  doing  prepared  a  ready  passage  for  the  underground 
waters.  These  waters,  while  they  may  have  been  "  thermal "  (i  e., 
of  a  temperature  above  the  mean  annual  temperature  of  the  district, 
as  are  most  underground  waters),  yet  did  not  undergo  precipitation 
**  in  the  open  air."  The  brecciated  forms  which  the  ore  sometimes 
assumes  scarcely  require  the  explanation  ofiered  by  Mr.  Jack,  who 
states  that  '^  the  occasionally  angular  condition  of  the  sinter  and 
tumbled  condition  of  the  ironstone  masses,  would  appear  to  indicate 
that  explosive  discharges  of  gases  or  steam  occurred  at  intervals 
with  sufficient  violence  to  disturb  the  deposits  accumulated  by  the 
thermal  spring."  Would  it  not  be  simpler  to  suppose  the  fracturing 
of  the  rock,  of  which  there  is  abundant  evidence,  to  have  produced 
irregular  pieces,  which  would  subsequently  become  partially  rounded 


*  The  poeitioD  of  the  grey  wacke  has  been  shown  to  be  between  the  quartzite  and 
the  sandstone.  The  original  summit  of  the  Mount  is  but  little  below  the  level  of 
the  base  of  the  sandstone,  while  the  deposit,  as  we  have  seen,  overlies  the  quartiite. 
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bj  the  solvent  action  of  the  waters  percolating  through  their  inter- 
stices?* 

At  Mount  Morgan  all  the  conditions  generally  considered  favor- 
able to  ore-deposition  were  present  in  a  marked  degree*  A  mass  of 
country-rock^  whether  grey  wacke  or  sandstone,  consisting  of  granules 
of  quartz,  held  together  by  a  feldspathic  cement, f  becomes  fractured 
by  the  intrusion  of  a  series  of  dykes,  which  form  a  ready  passage  for 
the  flow  of  mineral  solutions.  Such  a  rock  would  readily  lend 
itself  to  alteration,  and  would  be  well  fitted  to  receive  a  mineral 
deposit.  Later  dynamic  action  produced  a  further  metajnorphism  of 
the  surrounding  rocks,  followed  or  accompanied  by  the  intersection 
of  the  already  shattered  rocks  by  another  series  of  dykes,  which  re- 
opened a  passage  for  the  underground  waters.  In  this  case  it  is  not 
necessary  to  go  far  for  the  source  of  the  gold.  The  large  mass  of 
decomposed  pyritic  quartzite,  though  the  pyrites  contains  but  a  trace 
of  the  precious  metal,  is  more  than  sufficient  to  account  for  the 
wealth  that  has  been  unoovered.f 

This  theory  explains  several  points  which  have  been  the  source  of 
perplexity,  more  particularly  the  want  of  r^ularity  in  structure, 
which  was  as  much  opposed  to  the  geyser-  as  to  the  lode-theory. 
The  great  unevenness  of  the  gold-contents,  the  frothy  state  of  the 
quartz,  so  often  noted,  and  also  its  hydrous  condition,  may  be  due  to 

*  Since  writing  the  above,  I  have  visited  and  examined  the  equally  famous  Broken 
Hill  silver-depoeit  When  I  declared  that  the  material  of  the  Mount  Morgan  ore  was 
not  nnique,  that  it  could  be  duplicated  elsewhere,  and  that  it  did  not,  per  ae,  require 
nny  extraordinary  explanation,  I  did  not  expect  to  see  so  soon  an  instance  confirm- 
ing my  statement  The  huge  outcrop  of  the  Broken  Hill  silver-lead  lode  has  much 
to  remind  one  of  the  big  gossan  of  the  Queensland  gold-mine.  Indeed,  if  one 
stands  in  the  quarry  between  Brodribb's  and  Patterson's  shafts  one  might  easily 
imaicine  oneself  on  floor  No.  3  of  Mount  Morgan.  The  face  has  the  same  singular, 
broken  appearance,  consistiug  of  masses  of  ochreous  earth,  bands  of  hard,  siliceous 
ironstone,  bodies  of  black  manganic  ore,  together  with  portions  of  white  kaolin  ized 
material  (here  undoubtedly  altered  inclusions  of  country-rock,  and  not,  as  at  Mount 
Morgan,  decomposed  felstone  dykes).  Both  at  the  surface  and  underground,  the 
sintery  stalactitic  structure  which  is  found  at  Mount  Morgan  also  occurs.  The  hy- 
drated  iron-ores  produce  the  same  ''frothy,'*  '* cavernous"  material,  supposed  to  be 
so  suggestive  of  a  geyser — and  this,  too,  not  in  isolated  patches  only,  but  wide- 
spread. I  may  add,  that  there  is  no  doubt  whatever  that  the  Broken  Hill  is  a  *'  true 
fissure  '*-lode,  traversing  the  metamorphic  rocks  of  the  district  (schists,  garnet- 
iferotis  sandstone,  and  quartzite,  principally  the  first),  independent  of  their  strati- 
fication. 

t  The  nnderlying  quartxite  may  not  be  the  only  source  of  the  gold,  for  it  is  note- 
worthy that  the  *'  desert  sandstone"  has  been  known  to  be  auriferous,  such  gold  being 
waterwomand  sedimentary. 
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later  precipitation  in  oavities  already  formed  by  the  solvent  action  of 
the  waters  on  the  shattered  portions  of  rock.  Finally^  there  is  no 
need  to  offer  any  particular  reason  for  the  unusual  richness  of  the 
deposit,  beyond  the  eminently  favorable  physical  condition  of  the 
original  rock,  the  numerous  channels  offered  to  percolating  waters 
and  the  close  proximity  both  of  the  source  of  the  gold  and  of  the 
usual  precipitants. 

Whether  this  be  a  correct  explanation  of  the  facts,  time  and  the 
further  development  of  the  mine  will  probably  decide.  It  may  cer- 
tainly be  said,  without  fear  of  contradiction,  that  few  mines  offer 
such  an  interesting  field  for  geological  speculation.* 

Treatment  op  the  Ore. 

The  Mount  Morgan  chlorination-works  are  among  the  most 
successful  and  extensive  now  in  operation.  The  complete  success  of 
t'he  treatment  is  lai^ely  due  to  the  extremely  friable  character  of  the 
ore,  which  renders  its  pulverization  easy,  while  its  porosity  assists 
materially  in  the  thorough  chlorination  of  the  gold.  An  enthu- 
siastic writer  has  spoken  of  the  ore  as  ^'  a  sort  of  snow-drifit,  which 
melts  in  the  chlorination-vats  of  the  company  into  a  golden  sand, 
such  as  might  be  supposed  to  have  been  brought  from  the  bed  of  the 
river  Pactolus,  instead  of  from  the  top  of  an  Australian  mountain." 

The  capacity  of  the  present  works  is  1800  tons  per  week.  The 
gradual  alteration  and  enlargement  of  the  method  of  treatment  is 
shown  by  the  stamp-mill  and  the  two  chlorination-plants.  The  mill 
(25  stamps)  by  the  side  of  Dee  creek,  is  a  reminder  of  early  at- 
tempts at  the  extraction  of  the  gold  by  ordinary  amalgamation.  The 
rock  which  the  battery  was  called  upon  to  crush  averaged  10  ounces 

*  Since  I  wrote  the  above  there  has  come  into  mj  hands  the  report  of  the  Mount 
Morgan  Gold  Mining  Company,  Limited,  presented  at  the  last  annual  meeting, 
and  giving  information  up  to  July,  1890.  It  is  accompanied  with  maps  and  sec- 
tions, notably  calculated  to  yield  a  minimum  of  information.  It  appears  from  the 
report  that  later  developments  have  added  but  little  to  the  known  extent  of  the 
ore-body,  the  main  feature  of  the  later  exploration  being  the  driving  of  a  cross-cut 
south  from  the  Freehold,  at  800  feet  from  its  mouth,  proving  the  extension  of  the 
deposit  at  this  line  and  in  this  part  of  the  mine — as  was  to  be  expected,  seeing  that 
its  dip  is  toward  the  mouth  of  the  Freehold. 

Up  to  November  30, 1890,  the  mine  had  paid  the  present  company  £2,358,338  in 
dividends,  the  total  gold  obtained  being  756,042  onnces,  worth  £3,121,741.  Daring 
the  last  six  months  (ending  November  30,  1890)  37,867  tons  of  stone  were  treated 
and  yielded  113,251  ounces  of  gold,  or  an  average  of  2  ounces  19  dwts.  per  ton. 
Nearly  all  this  came  from  the  upper  workings. 
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per  toDy  but  the  oontents  of  the  tailing  proved  of  much  greater 
value  thau  the  amount  of  amalgam  obtained.  This  led  to  a  critical 
examination  of  the  ore  at  the  Sydney  Mint.  It  was  found  that  the 
bullion  was  of  a  fineness  hitherto  unknown  in  nature,  assaying  99.7 
per  cent,  occasionally  99.8,  of  pure  gold,  the  rest  \mng  copper, 
with  a  trace  of  iron.  It  is  remarkable  as  being  almost  entirely  free 
from  silver.  Its  value  per  ounce  was  £4  4«.  8d.,  pure  gold  being 
worth  at  the  London  Mint  £4  4s.  11^.  Dr.  Liebius,  of  the  Sid- 
ney Mint,  considered,  as  the  result  of  numerous  experiments,  that 
the  iron  present  was  in  the  form  of  an  oxide,  which  coated  the  gold 
and  so  prevented  its  contact  with  the  mercury.*  Parcels  of  the  ore 
were  then  sent  to  the  Technological  Museum  at  Melbourne,  where 
Messrs.  Newberry  and  Vautin  subjected  it  to  numerous  tests.  It 
was  found  that  when  dehydrated  by  heat  it  became  less  refractory ; 
and  its  treatment  by  chlorine  was  suggested.f  The  ordinary  Piatt* 
ner  process,  as  worked  in  California,  was  found  quite  unsuitable, 
owing  to  the  extremely  fine  crushing  which  it  required,  and  which 
resulted  in  the  formation  of  slimes,  greatly  hindering  subsequent 
filtration.  It  was  then  that  Mecsrs.  Newberry  and  Vautin  planne<l 
the  method  which  has  since,  with  the  addition  of  some  mechanical 
details,  been  patented  under  their  joint  naraes.^ 

While  the  stamp-mill  proved  incapable  of  extracting  a  proper 
percentage  of  the  gold,  the  peculiar  character  of  the  ore  is  remark- 
ably suited  by  the  process  now  in  use.  The  extremely  minute  state 
of  subdivision  of  the  gold  and  the  very  friable  nature  of  the  gangue 
caused,  in  wet  stamp-milling,  a  considerable  loss  in  ^*  float,''  carried 
away  in  the  readily-formed  slimes ;  but  the  character  of  the  ore  indi- 
cated that  dry  crushing  would  prove  effective ;  and  hence  the  early  in- 
troduction of  Krom  rolls  was  the  first  great  improvement  made.  The 
old  works,  which  are  just  above  the  stamp-mill,  receive  their  supply 

*  My  own  experience  with  the  ores  of  Gilpin  conntyi  Colorado,  leads  me  to 
believe  that  this  is,  more  frequently  than  is  usually  supposed,  the  obstacle  to  suc- 
cessful amalgamation. 

t  It  bad  been  previously  treated  with  chlorine  by  Limberner  at  Gympie. 

X  The  mine-manager  informed  me  that  nothing  of  the  original  Newberry-Vautin 
plant  rematned  save  a  piece  of  old  shafting.  The  Mount  Morgan  (Company  bought 
the  right  to  use  the  process,  and  henoe  does  not  pay  anv  royalty.  While  the  origi- 
nal plant  has  been  entirely  replaced,  it  cannot  fairly  be  said  that  the  method  of 
treatment  has  been  changed,  or  that  it  is  any  other  in  its  main  features  than  that 
known  by  the  names  of  those  who  first  adopted  it.  into  the  question  of  the  origi- 
nality of  the  process  it  is  not  within  the  province  of  this  paper  to  enter.  It  has 
been  ably  discussed  by  the  New  York  Engineering  and  Mining  Journal, 
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on  an  aerial  tramway,  three-fourths  of  a  mile  long,  with  a  total  &11 
of  400  feet.  It  is  of  the  Hallidie  type,  unoommon  in  the  oolonies, 
but  familiar  to  American  mining  engineers,  and  need  not  therefore  be 
here  de6cril)ed.  The  feeding  of  the  buckets  (of  which  there  are 
sixty)  is  admirably  effected  by  the  useof  a  travelling  supply-bucket. 
The  old  works  contain  two  rock-breakers,  one  revolving  ore-dryer, 
four  sets  of  rolls,  ten  furnaces,  fourteen  barrels,  twenty-six  vats  and 
twenty-eight  filters.  The  power  is  supplied  by  one  40-H.  P. 
(nominal)  engine  and  two  30- B.  P.  boilers.  The  practice  in  these 
works  is  identical  with  that  in  the  new  works  about  to  be  described. 

The  new  works,  erected  on  the  higher  slope  of  the  mountain, 
about  400  feet  from  the  summit,  while  somewhat  similar  to  the 
lower  works,  show  improvements  in  arrangement,  besides  allow- 
ing the  necessary  fall  for  the  tailings.  The  ore,  coming  from  the 
open  cuts  and  the  Freehold  tunnel  by  a  series  of  inclines  (some  of 
which  are  automatic  gravity-tramways)  passes  through  two  Blake- 
Marsden  rock-breakers,  and  is  then  dried  in  two  revolving  cylin- 
drical furnaces,  self-disc*harging  after  the  manner  of  a  trommel.  The 
rotation  is  produced  by  an  external  cog-wheel.  Thence  the  dried 
material  goes  to  Krom  steel  rolls,  arranged  in  two  series  of  three 
each.  Each  set  of  rolls  is  followed  by  a  revolving  sieve,  the  coarse 
stuflP  |)assing  into  an  elevator  which  returns  it  for  second  crashing, 
while  the  fine  passes  on  to  the  second  rolls  and  thenoe  to  the  third. 
The  last  pair  of  rolls  pulverizes  the  ore  twice  before  it  is  carried  by 
a  worm-conveyor  to  an  elevator  which  sends  it  to  a  chamber  al>ove 
the  furnaces.  An  80-H.  P.  compound  engine  drives  the  rolls  and  a 
20-H.  P.  engine  the  breakers  and  revolving  dryers,  while  two  Root 
blowers  are  employed  in  the  removal  of  the  dust,  of  which  there  is 
a  great  deal.  Five  Cornish  boilers  of  30-H.  P.  each  supply  the 
necessary  steam. 

The  furnace-chamber  is  400  by  120  feet  in  size,  and  contains  18 
ordinary  reverberatory  furnaces,  each  having  a  capacity  of  1  ton. 
The  heat  to  which  the  material  is  here  exposed  is  a  cherry-red,  such 
as  will  get  rid  of  organic  matter,  water  of  crystallization,  etc.,  but 
does  not  approach  that  of  a  thorough  calcination.  At  the  end  of  3 
hours  the  charge  is  removed  and  spread  upon  the  cooling-floors. 
When  it  has  cooled  it  is  trucked  to  the  21  fbon  hoppers  which  sup- 
ply 21  chlorination-barrcls.  The  charge  for  chlorination  is  1  ton 
of  pulverized  ore,  90  gallons  of  water,  40  to  50  pounds  of  sulphuric 
acid  and  35  pounds  of  chloride  of  lime.  It  will  be  seen  from  the 
nature  of  the  charge  that  the  chlorine  is  generated  in  the  barrels 
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tliemselveSy  and  attacks  the  gold  while  in  a  nafscent  state.*  In  order 
to  make  the  charges  UDiforniy  the  ore  is  mixed  so  as  to  yield  4  to  6 
ounces  per  ton.f 

The  oh  lor  inat  ion-barrels  have  been  much  altered  from  time  to 
time.  They  are  now  made  at  the  mine  out  of  the  native  timber 
(Eucalyptus),  the  staves  being  made  of  "  spotted  gum  '^  and  the  ends 
of  "iron  bark,"  with  an  inside  diameter  of  3  feet  6  inches.  A  cast- 
iron  frame  was  at  one  time  placed  round  the  outside  edges.  ,The 
barrels  are  tarred  to  render  them  tight  and  are  protected  inside  by 
a  double  lining,  an  innermost  wooden  lining  protecting  the  lead  one. 
They  revolve  on  horizontal  bearings,  the  power  being  supplied  by  a 
belt  travelling  around  the  barrel  itself.  Six  revolutions  per  minute 
is  the  usual  speed,  and  the  charge  is  removed  after  an  interval  of 
from  1^  to  2  hours. 

The  barrels  discharge  into  84  leaching-tubs.  These  tubs  or  vats 
will  hold  2}  to  3  tons  of  pulp  each,  and  are  supplied  with  filter-beds 
of  sand  and  gravel,  through  which  the  solution  passes  before  it  is 
conducted  by  lead  and  antimony  pipes  to  the  charcoal-filters.  These 
are  64  in  number,  V-shaped  and  packed  with  2  feet  of  charcoal  of 
unusual  fineness,  the  upper  layers  having  the  size  of  coarse  blasting- 
powder,  and  increasing  in  fineness  toward  the  bottom.  From  9  to  14 
bushels  are  used  in  each  filter. 

When  saturated  with  the  precipitated  gold  the  charcoal  is  removed 
to  the  assay-office,  where  it  is  burned  to  an  ash  containing  76  per 
cent,  of  metallic  gold.  The  solution  from  the  filters  passes  into 
tanks  of  concrete,  whence  it  is  pumped  back  to  be  used  again  in 
the  chlorination- barrels. 

The  sulphuric  acid  used  in  the  generation  of  the  chlorine  is  manu- 
factured upon  the  ground  in  leaden  chambers,  having  a  capacity  of 
20  tons  per  week.  It  is  estimated  that  by  the  production  of  the 
acid  on  its  own  premises  the  company  saves  £20,000  |)er  annum. 
There  are  also  extensive  work-shops,  with  lathes  and  shearing- 
machines,  together  with  two  assay-offices,  well  equipped  with  all  the 
necessary  appliances.  The  whole  plant  is  run  continuously,  being 
lit  by  electricity  at  night,  when  the  mountain  assumes  a  very  beau- 
tiful and  animated  appearance. 

The  mine  and  all  its  surroundings  bear  testimony  to  the  great 
energy  displayed  in  its  development,  in  keeping  with  the  value  and 
size  of  the  great  ore-deposit  which  has  made  Mount  Morgan  famous. 

*  After  the  style  of  the  prooeBnce  patented  by  Mean  in  1877  and  De  Lacy  in  1864. 
t  The  pleamire  of  producing  a  aniform  mixture  of  such  high  grade  has  not  been 
possible  since  the^time  of  my  visit. 
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The  accompADj'ing  plate,  made  from  a  phi>t(^;ra|A,  gives  a  good 
idea  of  the  surrouDdings  of  the  mioe.  In  the  fort^Tound  is  the 
bridge  crossing  the  Dee  creek ;  immediately  above  is  the  old  starop- 
tnill ;  behind  it  i«  a  pile  of  the  ore  fint  brokra ;  aod  behind  that 


again  are  the  lower  assay-offices.  To  the  lefl  are  the  old  chlorina- 
tioD-works,  while  the  upper  chimney  indicates  the  new  works.  Be- 
yond  is  the  Mount  itself,  the  white  spot  being  the  iron  roof  of  the 
main  shoot  which  leads  from  the  upper  workings. 
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SAMPLING  0BE8  WITHOUT  USE  OF  MACHINEBY. 

BT  HVILLIAM  GLENN,  BALTIMORE,  liD. 
(ClevelAnd  Meeting,  June,  1891.) 

The  taking  of  proper  samples  of  crude  ores  seems  to  be  less 
thoroughly  understood,  or  less  carefully  practiced,  than  its  impor 
tance  requires.  We  all  know  how  often  we  encounter  the  reports  of 
very  accurate  assays  and  analyses,  the  weight  of  which  as  evidence 
wholly  depends  on  the  method  of  obtaining  the  sample,  and  is  very 
probably  nU,  because  there  has  been  no  proper  sampling.  Passages 
might  be  cited  from  technical  books,  and  from  current  technical 
literature  (all  the  work  of  writers  whom  we  delight  to  honor)  to  show 
that  even  among  high  scientific  authorities  there  is  too  little  acquaint- 
ance with  the  practical  artrof  the  sampler.  There  is  no  metallurgical 
or  chemical  establishment  which  does  not  frequently  receive  samples 
truly  representing  nothing.  They  consist  usually  of  bits  of  ore,  or 
what  not,  selected  because  they  are  worse  or  better  than  the  average 
of  what  they  are  meant  to  represent.  And  they  are  worthless,  no 
matter  who  made  the  selection.  Where  conscious  choice  is  permitted 
to  enter  into  the  operation,  a  fair  sample  will  not  result,  unless  by  a 
miracle. 

The  work  of  sampling  is  often  looked  upon  as  within  the  realm 
of  boys  and  of  pensioners  only.  At  least,  though  the  manual  labor 
be  lefl  to  subordinates,  the  principles  on  which  it  is  conducted  and 
the  safeguards  with  which  it  is  surrounded  are  not  unworthy  of  the 
study  of  experts ;  and  experts  should  be  ready  to  teach  these  prin- 
ciples and  enforce  them  in  practice.  For  exact  sampling  is  the  in- 
dispensable first  step  towards  learning  the  value  of  any  boxful,  car- 
load or  shipload  of  ore. 

I  propose  to  give  a  simple  account  ot  the  method  of  sampling  by 
hand,  such  as  I  have  always  pursued.  There  is  nothing  new  about  it. 
So  far  as  I  know,  it  is  the  immemorial  old  method,  as  old  at  least 
as  Cornish  copper-mining.  Perhaps  my  fellow-members  in  the  In- 
stitute may  suggest  improvements  in  it.  If  not,  it  will  constitute  a 
record  in  our  Tranaaetiona  U>  which  laymen  and  b^inners  may  be 
referred. 
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There  are  two  principal  processes  to  be  considered :  first,  how  to' 
take  the  gross  sample  of  the  lot  of  ore ;  second,  how  to  proceed  with 
that  sample.  Really,  there  is  no  iron-bound  rule  governing  the  fiflBt 
step;  each  may  have  a  way  of  his  own;  yet  most  samplers  proceed 
in  much  the  same  way.  But  once  having  the  rough  sample,  there 
is  no  question  as  to  what  shall  be  done  with  it.  It  is  to  be  worked 
down  after  the  orthodox  fashion.  It  must  be  broken  and  mixed  and 
quartered  until  only  a  few  ounces  remain.  The  sampler  bottles  this 
residue ;  the  chemist  does  the  rest. 

Assume  that  we  have  a  rough  sample,  weighing  a  ton,  of  any  ore 
with  its  gangue.  Assume  that  by  some  manner  of  magic  we  can  at 
once  reduce  the  whole  of  it  to  dust.  Evidently,  if  we  could  mix  it 
long  enough  and  well  enough  upon  a  clean,  tight  floor,  it  would 
finally  become  homogeneous.  In  that  case,  we  could  fill  half  a  dozen 
small  bottles  from  any  part  of  the  pile,  and  they  would  be  fair  sam- 
ples. But  the  work  would  have  to  be  admirably  done ;  so  well  done 
that  a  single  gramme  taken  from  the  pile  would  properly  represent 
the  entire  ton  of  sample.  Really,  this  would  entail  a  great  deal  of 
labor.  And  if  the  rough  sample  weighed  15  tons  or  more,  as  it 
would  if  taken  from  a  shipload,  the  bare  labor  of  mixing  that  quan- 
tity of  dust  until  homogeneous  is  wearying  even  to  think  of.  We 
cannot  proceed  upon  the  proposition  that  a  final  sample  may  be 
obtained  in  any  such  way.  Yet  upon  a  rock  similar  to  this  many 
are  wrecked. 

To  take,  for  illustration,  a  definite  case,  let  us  assume  that  we  have 
to  sample  a  10-ton  pile  of  10  per  cent,  copper-ore,  prepared  for  market. 
It  will  consist  of  masses  generally  the  size  of  one's  fist,  together  with 
masses  of  all  smaller  sizes  and  even  of  dust.  We  shall  require  for 
the  work  a  clean,  tight  floor  or  pavement,  an  iron  mortar  and  pestle, 
a  shovel,  a  small  hammer,  a  piece  of  iron  for  an  anvil  and,  lastly,  a 
broom.  Besides  these,  we  shall  find  convenient  a  wheelbarrow  or  a 
barrel  or  box  of  some  kind. 

For  convenience  and  force  I  will  put  my  description  into  the  form 
of  homely  directions,  such  &s  I  might  give  to  my  workman. 

Begin  by  shovelling  the  pile  roughly  into  the  form  of  a  flattened 
cone  or  a  flattened  pyramid ;  say  we  choose  the  pyramid.  Now  make 
a  trench  straight  through  the  pile,  cutting  it  into  two  nearly  equal 
parts.  And  again  by  a  trench  (at  right  angles  to  the  first)  divide 
these  halves  into  four  nearly  equal  quarters.  A  part  of  the  ore  taken 
from  these  trenches  will  form  the  sample  required.  Proceed  as  follows : 

Having  the  wheelbarrow  ready,  begin  at  the  middle  of  any  side 
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of  the  made-up  pile  and  cut  the  first  trench.  Cast  the  first  shovelfril 
to  the  tight,  the  second  to  the  lef^^  the  third  into  the  wheelbarrow. 
Repeat  this  order  of  shovelling  until  the  barrow  is  full,  then  empty 
it  upon  the  well-swept  floor  intended  to  receive  the  sample.  Con- 
tinue in  the  same  way  until  the  trench  has  passed  through  the  pile, 
when  there  will  result  two  rather  long  and  narrow  piles.  Begin  the 
second  trench,  extending  it  across  the  middle  of  the  two  piles,  cast- 
ing the  first  shovelful  right,  the  second  left,  the  third  into  the  barrow. 
Proceed  in  the  same  way  as  with  the  first  trench.  When  done,  you 
will  have  shovelled  about  6000  pounds  of  ore.  As  every  third 
shovelful  was  thrown  into  the  barrow,  there  will  result  about  2000 
pounds  of  sample  upon  the  floor.  That  this  is  a  fair  sample  of  the 
original  pile  is  based  upon  the  assumption  that  each  third  shovelful 
thrown  into  the  barrow  was  like  the  first  and  second  ones  cast  into 
the  piles.    The  hypothesis  is  reasonable  and  freely  to  be  trusted. 

Having  the  sc^mple,  proceed  with  it  after  the  r^ulation  method,  as 
follows : 

Spread  it  thinly  upon  the  floor;  now  examine  it.  If  there  be  any 
lumps  which  look  larger  than  the  general  run,  place  the  anvil  upon 
the  pile,  and  between  that  and  the  hammer  break  those  lumps.  The 
next  step  is  to  thoroughly  well  mix  the  sample.  Begin  at  one  edge  of 
it  and  shovel  the  ore  over  upon  itself.  Move  around  to  the  opposite 
side  of  the  pile,  and  from  that  side  shovel  the  ore  again  upon  itself 
and  back  to  its  original  place  upon  the  floor.  Having  it  well  mixed, 
form  it  into  a  flattened  cone  and  sweep  all  the  dust  upon  and  around 
the  pile.  You  have  now  to  halve  and  quarter  the  sample  as  fol- 
lows: 

Commence  at  any  point  and  shovel  a  road  through  the  center  of 
the  pile,  casting  the  shovelfuls  alternately  right  and  left  as  you  pro- 
ceed. This  movement  will  result  in  cutting  the  pile  into  two  elon- 
gated nearly  equal  ones.  Beginning  at  the  middle  of  one  of  them, 
shovel  a  road  through  it  in  the  same  way  as  was  done  before.  And 
in  precisely  the  same  way  cut  the  other  pile  in  two;  sweep  upon 
each  pile  the  dust  belonging  to  it.  These  movements  will  result  in 
four  piles,  as  in  Fig.  1. 

If  the  sample  were  well  mixed,  when  and  as  directed  in  these  notes, 
then  will  each  of  the  quarters.  A,  B,  C,  JD,  have  the  same  composition 
as  have  all  the  others.  But  if,  upon  inspecting  them,  you  judge  one 
or  another  to  be  poorer  or  richer  than  the  others,  you  will  have  then 
sufficient  evidence  that  the  work  has  been  badly  performed.  In  that 
condition  of  aiSairs,  mix  well  together  all  the  piles,  and  once  more 
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halve  and  quarter  them.  Having  made  all  the  quarters  of  the  same 
oomposition,  it  foUowe  that  naj^  two  of  them  may  safely  be  aeeepted 
as  repnwBtiOg  the  original  2000  pounds  of  rough  sample.  TJiis 
opens  a  road  leading  in  the  right  direction,  since  it  enables  us  finally 
to  get  rid  of  half  the  sample.  We  may  cast  out  two  of  the  quarters 
and  retain  the  other  two  for  the  sample.  It  is  a  matter  of  indifference 
which  two  are  retained,  say  A  and  B.  Remove  from  the  floor  Cand 
D,  together  with  the  dust  belonging  to  them. 

We  have  again  to  break  the  larger  stones,  until  there  remain  none 
larger  than  walnuts.  Place  the  anvil  between  the  piles,  within  easy 
reach  of  them.     Take  a  stone  from  A,  break  it;  take  one  from  B, 

Fig.  I. 
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Plan  of  ore- piles  after  quartering. 


break  that.  Continue  in  this  way,  taking  stones  alternately  from 
each  pile,  until  all  are  reduced  to  the  size  Rtated.  By  proceeding  in 
this  way,  the  sample  is  more  or  less  mixed  while  being  broken. 
Complete  the  mixing  as  before,  by  shovelling  all  of  the  sample  forth 
and  back  over  the  floor.  Form  it  once  more  into  a  flattened  cone, 
and  sweep  the  dust  upon  and  around  it.  Divide  the  cone  into  two 
halves,  and  those  into  four  quarters,  precisely  as  you  before  did,  and 
as  illustrated  in  Fig.  1.  You  have  now  to  reject  two  of  these  quarters. 
The  unwritten  law  of  the  sampler  says  that  it  must  be  those  holding 
the  positions  A  and  B,  because  those  were  retained  in  the  last  quarter- 
ing. Remove  A  and  B  from  the  floor,  retaining  C  and  D  for  the 
sample.    These  would  now  weigh  about  500  pounds. 

Proceeding  as  before,  break  down  the  lumps  of  ore  until  none  are 
left  larger  than  say  1-inch  cubes.  Again  mix  well  the  sample,  make 
it  into  a  pile,  sweep  up  the  dust,  halve  and  quarter  the  pile.  Reject 
two  quarters  (C  and  D,  of  course),  retain  two,  precisely  as  in  former 
quarterings. 
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Once  more  break  the  luropSy  this  time  down  to  half-inch  cubes. 
Mix  well  the  sample,  make  it  into  a  pile,  sweep  up  the  dust,  halve 
and  quarter,  reject  two  quarters.  The  two  quarters  retained  would 
weigh  about  126  pounds.  Break  it  down  until  comparable  to  fine 
gravel  and  coarse  sand.     Mix  and  quarter  once  more. 

The  two  quarters  this  time  retained  would  weigh  about  60  pounds. 
With  the  mortar  and  pestle  break  this  to  something  approaching 
coarse  sand.  Again  mix  and  quarter.  The  quarters  thm  time 
retained  are  to  be  ground  yet  finer,  mixed  and  quartered. 

If  you  have  no  mortar  and  pestle,  the  bammer  and  anvil  may  be 
sul)stituted  throughout.  After  getting  the  material  into  the  form  of 
coarse  sand,  it  is  lieet  to  mix  and  quarter  it  upon  a  sheet  of  paper, 
even  an  old  newspaper. 

At  this  point  the  sample  would  weigh  about  16  pounds;  its  larger 
grains  would  be  in  size  like  coarse  sand.  It  would  be  safe  now, 
without  further  breaking,  to  mix  and  quarter  it  twice,  or  until  its 
weight  did  not  exceed  4  pounds.  Run  this  through  tlie  mortar  and 
then  mix  and  quarter  it  twice,  or  down  to  1  pound  weight.  Grind 
this  to  something  approaching  powder,  and,  for  the  last  time,  mix 
and  quarter  it.  Have  ready  6  wide-mouth  1-ounce  bottles.  Place 
them  in  a  line,  side  by  side,  upon  a  sheet  of  paper.  From  the  other 
paper  pour  the  ground  sample  in  a  small  stream,  forth  and  back 
across  the  mouths  of  the  bottles,  until  they  are  all  full  up  to  their 
shoulders.  Cork,  seal  and  label  them,  and  the  sampling  is  done,  and 
properly  done. 

If  there  should  lurk  in  your  mind  a  suspicion  that  this  half-})Ound 
residue  of  dust  may  not,  after  all,  properly  represent  the  rough  sample 
with  which  you  bq^n,  go  back  over  the  work,  and  try  to  decide 
precisely  where  in  the  quarterings  the  sample  retained  ceased  to  be  a 
sample.  If  you  can. decide  upon  that  point  exactly,  then  you  will 
know  just  where  you  failed  to  da  your  work  properly.  The  error 
will  be  with  you  and  not  in  the  method. 

It  does  not,  in  the  slightest,  matter  of  what  solid  a  sample  may 
consist,  or  how  much  or  how  little  it  may  be,  it  should  be  worked 
down  in  the  manner  just  detailed.  Whether  a  sample  consist  of  20 
tons  or  of  1  ounce,  it  matters  not,  except  as  to  breaking  and  grinding. 

A  word  may  be  added  as  to  larger  and  rougher  ore-piles  than  have 
as  yet  been  mentioned.  It  is  not  unusual  for  one  to  have  a  pile  of 
100  tons,  or  200  tons,  which  one  would  like  to  sample.  Such  piles 
are  apt  to  consist  of  lumps  larger  than  a  man's  head,  together  with 
masses  of  all  smaller  sizes.     Where  a  pile  is  formed  by  dumping  ore 
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uniformly  upon  its  top,  the  likelihood  is  that  the  pile  is  homogeneou-o. 
In  such  a  case^  it  is  safe  to  make  short  cuts  into  it  at  several  points 
around  its  base,  and  to  consider  as  sample  the  ore  so  gotten.  It  is 
safer  to  make  one  cut  through  the  pile,  retaining  as  sample  each  third 
shovelful,  as  in  the  case  of  the  copper-ore  we  have  just  considered. 
In  forming  ore-piles  of  the  weights  given,  it  is  a  good  custom  to  put 
upon  a  separate  platform  each  tenth  or  twentieth  barrow-load  coming 
from  the  mine;  the  small  pile  will  prove  a  fairly  good  sample  of  the 
large  one.  But  no  matter  how  it  may  be  gotten,  the  rough  sample 
is  to  be  broken  and  mixed  and  proceeded  with  after  the  regulation 
method. 

No  account  is  here  taken  of  moisture-samples,  or  of  sampling  train*- 
loads  or  ship-loads.  This  paper  is  meant  to  help  b^inners^  but  it 
would  be,  in  the  writer's  judgment,  a  benefit  to  others  also,  if  our 
members  who  are  practically  acquainted  with  sampling  would  present 
their  own  methods  with  regard  to  the  various  branches  of  the  art. 
The  precautions  specially  required  in  sampling  rich  silver-ores,  for 
instance,  might  well  be  made  the  subject  of  comparison  and  dis- 
cussion. 

Discussion. 

R.  W.  Raymond,  New  York  City :  I  am  glad  that  this  subject 
has  been  brought  to  the  attention  of  the  Institute.  Mr.  Glenn  has 
by  no  means  over-stated  its  importance ;  and  yet,  with  the  excep- 
tion of  the  paper  of  Mr.  D.  W.  Brunton  (D^ans,,  xiii.,  639)  describ- 
ing a  mechanical  ore-sampler,  I  can  recall  little  or  nothing  in  our 
Transactions  concerning  it.  The  practice  in  the  West,  with  r^ard 
to  silver-ores,  etc.,  is  affected  by  various  considerations.  As  a 
general  rule,  such  ores  are  either  already  fine  or  are  crushed  before 
treatment.  I  think  it  is  now  generally  admitted  that  a  good 
mechanical  sampler  connected  with  the  crushing-machinery  takes  a 
fairer  average  sample  (usually  one-fifth  or  one-tenth  of  the  total 
lot  of  ore,  according  to  the  richness  and  the  consequent  importance 
of  exact  determination  of  value  as  a  basis  of  payment  to  the  miner) 
than  can  be  got  by  throwing  aside  the  fifth  or  tenth  shovelful  in 
unloading.  At  all  events,  the  mechanical  sampler  cannot  be  sus- 
pected of  bias,  conscious  or  unconscious,  provided  it  is  so  constructed 
as  to  deliver  impartially  the  coarser  and  finer  particles  of  the  stream 
of  ore  passing  through  it.  Disputes  are  therefore  avoided  by 
using  it. 

But  for  many  classes  of  ore,  the  sample  is  still  taken  with  the 


8AMPLIKG  ORES   WITHOUT  USE  OF  MACHINERY.  161 

shovel ;  and  it  is  after  this  has  been  done,  whether  mechanically  or 
by  hand,  that  the  process  begins,  which  can  properly  be  compared 
with  that  described  by  Mr.  Glenn.  The  differences  between  this 
process  and  his  are  required  by  the  following  principal  consider- 
ations: 

1.  The  material,  namely,  ores  carrying,  besides  lead  or  copper, 
more  or  less  silver  and  gold,  is  so  much  more  valuable  that  small 
errors  in  determining  its  contents  may  be  the  source  of  lai^e  loss  to 
the  buyer  or  seller. 

2.  It  is  almost  always  finer  than  the  crude  material  contemplated 
by  Mr.  Glenn.  Either  it  has  been  crushed  before  the  sampling 
begins,  or  it  .is  so  generally  fine  when  received  that  the  preliminary 
stages  of  sampling  may  be,  in  the  judgment  of  the  manager^  per- 
formed without  crushing.  This,  however,  always  involves  a  risk, 
the  assumption  of  which  by  a  prudent  manager  is  justified  only  when 
the  conditions  are  favorable ;  for  instance,  when  the  character  of  the 
ore  is  well-known  ;  when  its  grade  is  not  too  high ;  when  the  differ- 
ence in  richness  between  coarser  and  finer  pieces  is  not  great ;  when 
careful  experiment  has  shown  that  sampling  without  a  preliminary 
crushing  is  sufficiently  accurate ;  when  avoiding  the  extra  cost  of 
crushing  would  be  an  important  saving,  or  when  the  crushing 
machinery  of  the  establishment  is  fully  occupied  with  material  which 
must  be  reduced  before  sampling.  The  nature  of  the  contract  between 
the  smelter  and  the  miner  is  another  element  to  be  taken  into  account. 
Perhaps  the  ore  is  not  to  be  paid  for  strictly  according  to  sample- 
assay  (a  thing  which  now  and  then  happens,  though  not  often,  in  the 
purchase  of  large  dumps  at  a  round  price,  or  the  treatment  of  ores 
on  joint  account,  to  be  settled  by  the  net  results,  instead  of  the  pre- 
liminary assays,  or  under  special  contracts,  in  which  the  loan  of 
money  or  other  inducement  to  the  miner  has  secured  special  terms). 
Perhaps,  again,  the  smelter  owns  the  mine,  and  %in  thus  afford  to 
save  current  expense  by  taking  some  risks  in  sampling  his  own  ore 
which  he  would  not  take  with  ore  for  which  he  had  to  pay  according 
to  the  sample-assay. 

I  think  it  may  be  said,  however,  that  the  sampling-works  proper, 
that  is,  those  which  are  not  parts  of  smelting- works,  but  stand  between 
the  smelter  and  the  miner,  as  agents  for  the  latter  in  the  sale  of  ore, 
warranting  to  the  purchaser  the  accuracy  of  their  determination  of 
its  contents,  always  crush  everything  they  receive.  And  I  think  it 
may  be  said,  also,  that  when  the  capacity  of  crushing  and  sampling- 
apparatus  is  adequate,  and  the  arrangements  for  receiving  and  hand- 
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ling  ore  are  so  perfect  as  to  avoid  both  demurrage  on  railway-care 
and  re-handling  of  material,  the  crushing  and  mechanical  sampling 
of  all  lots  received  is  not  only  better,  but  cheaper,  than  shovel-samp- 
ling of  crude  cargoes.  The  matter  may  indeed  be  left  to  the  discre- 
tion of  a  competent  manager ;  but  the  most  competent  managers  are 
not  anxious  to  multiply  the  matters  which  are  left  even  to  their  own 
discretion,  still  less  to  the  discretion  of  subordinates.  There  are 
innumerable  things  which  have  to  be  watched  daily  and  hourly  around 
great  smelting- works ;  and  it  is  a  relief  when  any  one  department 
can  be  placed  in  the  category  of  comparative  routine,  calling  for 
fidelity  rather  than  discretion.  Moreover,  the  exact  determination 
of  all  the  elements  of  an  ore  of  the  class  here  contemplated  is  as  im- 
portant on  technical  as  on  commercial  grounds.  Without  it,  the 
metallurgist  can  neither  calculate  his  charges  successfully  nor  be  held 
responsible  if  he  &ils  to  do  so.  And  the  sample  taken  of  each  new 
lot  of  ore  received  is  not  only  assayed  for  its  valuable  contents,  such 
as  lead,  copper,  silver  and  gold,  and  for  sulphur,  iron,  silica  and 
zinc  (which  may  affect  the  price  to  be  paid  for  it),  but  also  analyzed 
for  all  its  earthy  bases,  so  that  it  may  be  properly  mixed  for  smelt- 
ing with  other  ores  or  fluxes.  Now  it  is  quite  likely  that  thegangue- 
minerals  of  an  ore  may  break  very  differently,  according  to  their 
natural  hardness  or  cleavage,  in  the  ordinary  processes  of  mining  and 
shipment.  Moreover,  the  same  car-load  from  a  given  mine  may  con- 
tain ores  from  different  stopes,  varying  so  greatly  in  character  and 
condition  that  even  if  the  average  of  gold  or  silver  were  reasonably 
uniform,  the  average  of  silica,  lime,  magnesia,  baryta,  etc.,  would  not 
be  so,  and  the  lumps  might  be  entirely  different  in  these  particulars 
from  the  finer  stuff. 

With  these  digressions  and  explanations,  I  repeat  the  general 
statement  that  the  ore  to  be  sampled  in  the  West  is  generally  fine. 
But  for  the  rougn  sampling  of  ore  at  the  mine,  or  in  localities  where 
proper  crushing  cannot  be  done,  the  procedure  described  by  Mr. 
Glenn  seems  to  be  a  good  one  for  the  preliminary  stages. 

3.  Notwithstanding  the  general  fineness  of  the  crude  pile,  and  no 
matter  to  what  degree  it  may  have  been  reduced  by  crushing  (short 
of  the  final  reduction  to  impalpable  powder),  there  is  still  a  distinc- 
tion between  coarser  and  finer  particles,  and  in  the  majority  of  cases 
this  distinction  is  one  of  value  as  well  as  size.  Many  of  our  western 
ores  carry  silver,  for  instance,  not  only  as  an  accessory  ingredient  of 
galena,  but  also  in  the  form  of  finely-disseminated  "true silver-ores" 
accompanying  the  galena.    These  are  usually  not  only  in  fine  crys- 
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tals  or  specks  to  begin  with  (often  not  distinguishable  to  the  naked 
eye),  but  brittle  besides,  so  that  ttie  shocks  and  abrasion  of  mining, 
transportation,  crushing  and  handling  reduce  them  to  still  smaller 
size.  In  the  stamp-mill  they  make  "slimes.*'  In  concentration 
they  are  very  likely  to  escape  and  leave  the  headings  impoverished, 
though  clean  from  gangue — ^*  poor  but  honest,"  so  to  speak.  In 
sampling,  they  present  the  greatest  danger  of  error. 

Something  similar  might  be  said  concerning  the  tenor  of  gold  in 
many  ores.  Although  true  gold-ores  are  not  common,  yet  in  a  lot 
of  ore  consisting  largely  of  auriferous  j)yrites,  for  instance,  there  will 
certainly  be  more  or  less  oxidised  material,  in  which  there  is  fine, 
free  gold.  I  confess,  however,  that  so  far  as  my  observation  goes, 
this  is  not  the  source  of  as  serious  difficulty  in  sampling  as  are  the 
brittle  ores  of  silver.  That  is  a  point  on  which  I  hope  some  of  our 
members  who  have  had  wider  practical  experience  with  the  sam- 
pling of  gold-bearing  ores  will  throw  further  light.  My  own 
knowledge  comprises  more  particularly  the  practice  of  lead-smelters ; 
and  in  that  practice  the  gold  in  the  ores  purchased,  though  it  is 
determined  and  paid  for,  has  not  been  hitherto  a  point  raising  special 
questions  of  difficulty.  Or  rather,  the  precautions  taken  as  to  the 
fine  dust  of  silver-ores  cover  the  question  of  gold  also,  so  that  this 
has  not  called  for  separate  consideration.  Moreover,  almost  all  the 
distinctively  gold-bearing  ore  of  the  country,  as  well  as  a  great  part 
of  the  silver-ore,  is  reduced  by  wet-crushing  for  amalgamation  or 
other  subsequent  treatment,  and  consequently  sampled  by  battery- 
assays — a  process  which  is  not  here  under  consideration,  and  which 
does  not  encounter  the  precise  difficulty  just  described.  I  am  in- 
clined to  think  that  in  lots  of  crude  fine  ore,  or  of  ore  dry-crushed 
for  sampling,  oxidized  material  containing  gold  would  not  present 
as  much  difficulty  as  silver-ore,  because  it  is  less  likely  to  form  fine 
fiying  or  sifting  or  rolling  dust.  The  iron  oxide  tends  rather  to 
pack  or  adhere — at  least  to  lie  where  it  falls — unless  it  has  been 
artificially  dried  and  pulverized. 

But  the  difference  of  value  between  coarse  and  fine  particles  may 
be  due  to  other  minerals  than  those  already  mentioned^  And  there 
may  even  be  cases  in  which  the  greater  value  is  in  the  coarser  mate- 
rial.    I  need  not,  however,  enlarge  further  under  this  head. 

4.  Obviously  such  a  difference  would  have  no  effect,  if  the  whole 
mass  to  be  sampled  were  so  thoroughly  mixed  that  the  proportions 
of  different  sizes  were  uniform  throughout  But  this  is  not  practi- 
cable, because  the  coarse  and  fine  particles  behave  differently  as  to 
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rolling  and  sifting  over  or  through  the  pile  npon  which  they  are 
shoveled.  Consequently,  it  becomes  necessary,  in  order  to  secure  a 
correct  final  average,  to  make  the  distribution  of  sizes  in  each  pile 
formed  symmetrical,  since  it  cannot  be  made  truly  uniform.  At  a 
later  stage,  as  will  be  seen,  the  whole  of  the  sample  thus  secured  is 
reduced  to  powder.  Yet  still  the  precaution  of  making  symmetrical 
piles  for  quartering  is  continued  to  the  last. 

With  these  explanations  I  will  describe  the  quartering  of  a  sam- 
ple of  ore  (say  one-fifth  or  one-tenth  of  a  gross  lot)  as  practiced  at 
some  of  the  leading  works  in  the  West. 

The  mass  is  first  shoveled  into  a  ring  on  the  sampling-floor,  and 
this  ring  is  then  shoveled  toward  the  center,  each  shovelful  being 
carefully  delivered  upon  the  summit  of  the  pile  in  the  center,  so  that 
it  shall  roll  equally  in  all  directions.  A  conical  heap  having  thus 
been  formed,  it  is  pulled  down  and  spread  out  The  workmen  walk 
round  and  round  the  pile,  pulling  with  the  shovel,  as  it  were,  the 
ore  towards  them,  so  that  it  rolls  outward.  The  lower  six  inches  of 
the  pile  is  not  disturbed,  and  when  this  process  is  finished,  the  con- 
ical heap  has  become  a  truncated  cone  of  larger  base-area  and  six- 
inches  height.  This  flat  heap  is  now  quartered  by  pressing  a  stick 
or  a  board  held  edgewise  down  into  it  so  as  to  mark  the  diametrical 
divisions.  Two  opposite  quarters  are  cut  out  with  the  shovel  and 
removed.  The  other  two  are  again  mixed,  formed  into  a  conical 
heap,  and  flattened  out  as  before.  This  procedure  is  repeated  until 
the  quantity  has  been  reduced  to  one  or  two  wheelbarrow-loads, 
when,  if  the  material  has  never  been  mechanically  crushed,  it  is 
crushed  in  the  rolls  to  say  half-inch  maximum  size.  The  quartering 
is  then  continued  till  the  sample  has  been  reduced  to  a  panful.  This 
is  ground  say  to  60-raesh  size  (after  a  partial  preliminary  drying,  if 
necessary  to  facilitate  the  grinding  in  a  rotary  fine-crusher)  and  then 
taken  to  the  assay-laboratory,  where  it  is  thoroughly  dried  (say  for 
twenty -fours  at  212°  F.),  and  rubbed  fine  until  the  whole  will  pass 
through  an  80-mesh  sieve.  Quartering  is  then  resumed  and  con- 
tinued until  the  sample  is  only  sufficient  to  fill  three  bottles,  one  of 
which  is  for  the  assay  of  the  works,  one  for  the  customer,  and  the 
third  for  the  umpire-assay,  if  such  should  be  required. 

The  details  of  this  practice  may  vary  in  different  works,  and  I 
trust  our  members,  many  of  whom  are  engaged  in  such  work,  will 
give  us,  in  the  way  of  criticism  or  suggestion,  the  benefit  of  their 
experience.  It  is  perfectly  evident,  as  Mr.  Glenn  says,  that  a  vast 
amount  of  skill  and  precision  is  daily  wasted  by  our  chemists  in  the 
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delicate  analysis  of  samples  that  mean  nothing.  To  cite  a  single 
instance,  I  have  recently  studied  with  much  interest  the  various 
papers  in  our  DransacUcms  concerning  the  practical  results  of  the 
magnetic  concentration  of  iron-ores.  In  Mr.  Birkinbine's  paper, 
presented  at  the  New  York  meeting,  there  is  a  simple  formula,  by 
which  he  calculates  from  the  percentages  of  iron  in  the  crude  ore,  the 
concentrates,  and  the  tailings  the  quantity  of  crude  ore  required  to 
furnish  a  ton  of  concentrates ;  and  he  applies  this  formula  in  testing 
the  comparative  economy  of  different  magnetic  concentrators.  But 
in  several  instances  the  actual  quantities  of  crude  ore,  concentrates, 
and  tailings  have  been  reported,  and  they  do  not  agree  with  the 
results  of  calculation  by  this  formula.  Now  the  formula  is  mathe- 
matically accurate,  and  there  is  no  reason  to  doubt  the  accuracy  of 
the  chemical  work.  It  follows  that  the  samples,  either  of  the  crude 
ore,  of  the  concentrates,  or  of  the  tailings,  could  not  have  been  accu- 
rate. It  is  certainly  to  be  desired  that  future  tests  of  such  work 
should  include  more  thorough  sampling,  and  that  future  accounts  of 
such  tests  should  include  descriptions  of  the  method  of  sampling 
employed.  In  the  absence  of  certainty  as  to  the  fundamental  data, 
the  application  of  mathematics  to  the  discussion  of  results  seems  to 
be  labor  thrown  away. 


STONE-COAL  IN  THE  LEAD  BLASTFURNACE. 

BY  JAMES  W.  NBILL,  B.M.,  HARRISON  REDUCTION  WORKS,  LEADVILLE,  COLO. 

(Cleveland  Meeting,  June,  189L) 

Bituminous  coal  has  for  many  years  been  used  for  the  smelting 
of  iron-ores  in  the  blast-furnace.  In  some  districts  in  Scotland  it  is 
used  alone,  in  others  it  is  used  mixed  with  coke.  The  similar  use 
of  certain  bituminous  coals  in  the  United  States  has  been  repeatedly 
mentioned  in  the  Tranaadions.  (See,  for  instance,  as  to  the  Hocking 
Valley  coal,  the  papers  df  Dr.  T.  Sterry  Hunt,  IVans.f  ii.,  275,  and 
vii.,  313;  and  as  to  Indiana  "block-coal,"  the  paper  of  Mr.  J.  S. 
Alexander,  Trans.^  i.,  225.) 

Phillips  {Elements  of  Metallurgy^  p.  250)  says :  '^  Raw  coal  for 
blast-furnace  use  must  be  of  a  non-coking  kind,  and,  when  of  suit- 
able quality,  is  perhaps  the  most  advantageous  fuel."     In  the  first 
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volume  of  the  Chemical  Technology  of  Groves  &  Tborp,  an  article 
OD  '^  Fuel  and  its  Applications/'  by  Mills  and  Rowiid,  presents  an 
exhaustive  comparison  of  the  values  of  coal  and  ooke  in  iron-smelt- 
iug,  from  which  I  quote  the  following : 

''There  is  a  still  farther  circumstance  in  favor  of  nsing  raw  coal  io  smelting  iron. 
We  have  seen  that,  whether  eoked  or  raw,  in  a  heat-giving  point  of  view,  there  b 
not  much  to  choose  between  the  two :  that  while  4  cwts,  of  coal  per  ton  of  iron 
are  wasted  by  inferior  oxidation  in  the  furnace,  the  same  quantity  is  lost  in  the  coke- 
oven.  In  the  former  case,  however,  we  have,  in  addition  to  the  inflammable  car- 
bonic oxid«  of  the  escape-gases,  about  7  cwts.  of  combastiUe  gases  which  areavail- 
iible  for  other  purposes ;  whereas,  in  coke-ovens  but  a  very  small  percentage  of 
these  remains  over  after  satisfying  the  requirements  of  the  pix>ce88  of  coking 
itself," 

In  the  lead-silver-smelting  blast-fumaoe,  the  reqoirements  of  iron- 
smelting  are  not  present.  Here  the  general  question  is,  Which  fuel, 
or  fuel-mixture,  will  permit  tbe  niost  rapid  driving  o(  the  furnace? 
The  conditions  of  efiKciency  in  the  reduction  of  iron,  of  sufficient 
heat,  of  capacity  to  carry  the  burden,  etc.,  are  usually  satisfied  by 
any  of  the  commercial  cokes  of  the  regions  surrounding  the  lead- 
silver  smelting-districts,  and  it  is  therefore  usually  the  price  which 
decides  the  choice  of  coke.  In  most  of  these  smelting-districts,  bitu- 
minous coal  of  non-coking  character  is  very  much  cheaper  than  the 
coke,  and  its  use  alone  or  with  coke  would  materially  lessen  the  fuel- 
expense  per  ton  of  ore.  This  saving,  if  achieved  without  occasion- 
ing other  losses  in  the  working  of  the  furnaces,  would  be  net  gain 
to  th«  silver-lead  smelter,  and  the  following  experience  with  the  use 
of  bituminous  fuel  is  given  to  show  what  can  be  done  in  this  way. 

About  1884,  while  in  charge  of  the  smelting-works  at  Mine  La 
Motte,  Mo.,  I  ran  short  of  coke,  and  having  a  supply  of  stone-coal 
on  hand,  I  replaced  half  of  the  coke  in  the  charge  with  this  coal^ 
continuing  its  use  until  a  supply  of  coke  arrived.  During  this  period 
(about  twenty-four  hours)  no  noticeable  change  in  the  working  of 
the  furnace  occurred ;  but  as  the  stone-coal  was  nK>re  expensive  than 
the  coke,  the  practice  was  not  continued.  With  the  precedent  of  the 
authorities  I  have  cited,*  and  my  own  brief  personal  experience,  and 
in  view  of  the  circumstance  that  in  Leadville  to-day  coke  costs  three 
times  as  much  as  certain  kinds  of  coal,  I  have  recently  ventured  to 

*  To  these  may  be  added  the  paper  of  Mr.  A.  Eilers  on  '*  The  Metallurgical 
Value  of  the  Lignites  of  the  Far  West/'  Trans.^  i.,  216,  in  which  unsnccessful  ex- 
periments are  alluded  to,  but  pronounced  to  be,  in  the  author's  judgment,  inoon* 
elusive. 
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experiment  with  Rocky  Mountain  ooal  in  the  blast-furnaces  of  the 
Harrison  Reduction  Works. 

These  furnaces  are  78  by  36  inches  in  size  at  the  tuyere-line,  have 
10  inches  bosh  in  the  jackets,  and  are  about  12  feet  high  from  tuyere 
to  charge-door.  At  the  time  the  experiments  commenced,  the  fur- 
naceSy  having  been  running  some  time,  were  in  bad  condition  from 
zinc  accretions  in  the  upper  part  of  the  stacks,  and  would  have  to  be 
"  blown  down  "  and  "  barred  out "  in  a  few  days  at  farthest ;  and  I 
reflected  that,  if  the  coal  should  prove  impracticable  as  fuel,  this 
event  would  only  be  slightly  hastened. 

On  January  20,  1891,  I  replaced  on  No.  1  furnace  50  pounds 
of  Cardiff  coke  with  60  pounds  of  lump-coal  of  a  non-coking 
variety.  The  fuel-charge  before  the  change  had  been:  coke,  185 
pounds;  charcoal,  65  pounds.  It  was  now:  coke,  135  pounds; 
stone-coal,  60  pounds;  and  charcoal,  65  pounds.  The  charge  was 
made  on  the  evening  of  the  20th.  Next  morning  showed  no  appre- 
ciable change;  slag-assays  were  good,  but  in  the  afternoon  the  slag 
commenced  to  thicken  and  get  colder,  and  finally  refused  to  run  out 
of  the  tap-hole,  filled  all  the  tuyeres,  and  compelled  a  stoppage  of 
the  furnace.  On  taking  out  the  tap-jacket,  I  found  that  the  charge 
had  slipped  down,  filling  the  basin  with  raw  material,  which  had 
stopped  the  slag.  We  heaved  out  a  quantity  of  this  raw  material 
and  cleaned  the  tuyeres,  and  put  on  the  blast  again,  when  the  fur- 
nace cleared  itself  without  further  serious  trouble.  Much  to  our 
surprise,  we  found  the  top  of  the  furnace  in  better  condition,  the 
amount  of  accretions  hanging  on  the  sides  being  much  less  and  the 
charges  settling  more  evenly. 

On  the  22d,  as  No.  1  continued  to  do  well  on  this  fuel,  I  put  the 
same  fuel-charge  upon  furnace  No.  4,  the  upper  part  of  which  was 
also  in  bad  condition.  Here  the  result  was  the  same ;  but  by  careful 
watching  serious  trouble  was  avoided.  Meanwhile,  instead  of  our 
having  to  clean  No.  1  in  a  day  or  two,  it  ran  thirteen  days  after  the 
coal  was  first  put  on. 

During  the  first  week  in  February,  all  the  furnaces  were  blown- 
down  and  barred  out,  and  blown  in  again  on  the  above  fuel-charge, 
all  starting  off  nicely.  On  the  4th  of  February  the  charge  was 
changed  to :  coke,  120  pounds;  stone  coal,  70  pounds;  charcoal,  70 
pounds,  and  on  this  charge  they  ran  until  the  14th.  During  this 
period  the  coal  used  was  a  lump-coal  from  Rouse,  Colorado,  a  semi- 
coking  ooal  of  good  quality,  a  sample  giving  us  8.91  per  cent,  of  ash. 
The  pecuniary  saving  was  that,  in  fourteen  days, 
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We  replaced  126.98  tons  of  coke  at  $8,  costing  .        .        .    |1015  84 
With  148.15  tons  lump-coal  at  |5.50,  costing     ...        814  82 

A  difference  of $201  02 

On  February  14th  I  replaced  the  lump-ooal  with  an  equal  weight 
of  pea-coal  from  the  Sunshine  mines.  A  sample  of  this  gave  us 
7.72  per  cent,  of  ash  ;  it  is  a  semi-coking  coal,  and  costs  us  $2.50 
per  ton.  The  furnaces  ran,  for  the  remaining  fourteen  days,  on  the 
same  charge  of  fuel  as  during  the  first  half  of  the  month,  doing 
their  work  nicely. 

Daring  this  time  we  replaced  126.84  tons  of  coke  at  |8,    .    $1014  72 
With  147.98  tons  of  pearcoal  at  $2.50,        .        .        .        .        369  95 

Saving, $644  77 

Total  saving  for  the  month  of  February,    .        .        .      ^845  79 

Which  amounts  to  about  26  oents  per  ton  of  material  smelted. 

During  March  we  used  about  the  same  fuel-charge,  the  coal  being 
part  nut,  part  pea  and  part  lump,  each  used  separately;  and  the  total 
saving  by  the  use  of  these  fuels  in  place  of  coke  was,  for  March , 
$1075.08,  or  about  30  cents  per  ton  of  material.  For  a  few  days  I 
increased  the  amount  of  stone-coal  to  100  pounds,  using  with  it  100 
pounds  of  coke  and  70  pounds  of  charcoal ;  but  the  furnace  did  not 
work  well  on  this  charge,  the  hearth  becoming  clogged,  and  slag  fre- 
quently flooding  the  tuyeres.  Whether  this  was  due  to  the  fuel  or 
to  bad  charging  remains  to  be  proved  by  further  tests. 

Aside  from  the  direct  saving  by  the  use  of  the  stone-coal,  we  have 
observed  the  following  advantages  in  the  working  of  the  fur- 
naces: 

Below. — The  slags  appear  better  reduced  and  hotter,  and  the  matte 
separates  very  well.  Slag-assays  have  been,  if  anything,  lower  than 
on  the  old  fuel ;  and  this  is  particularly  the  case  when  the  charges 
are  hanging  above.  The  jackets  keep  hotter  and  the  tuyeres  brighter ; 
thus  the  fuel  is  more  completely  consumed ;  the  furnace  ^^  rods''  more 
easily;  the  crucible  keeps  open  better;  the  lead  is  hotter. 

Above. — The  volume  of  smoke  is  somewhat  increased  and  smells 
decidedly  "  tarry,"  but  does  not  look  different  from  that  of  the  old 
fuel ;  the  charges  settle  much  more  evenly  and  the  fire  does  not  creep 
to  the  top;  thus  the  furnaces  seldom  flame.  As  the  tops  keep  much 
cooler,  the  production  of  flue-dust  is  much  smaller,  and  the  losses  of 
metals  by  volatilization  must  also  be  diminished.     The  furnaces  now 
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ran  about  a  week  longer  than  formerly  before  needing  to  be  barred 
out;  and  this  operation  is  no  more  difficult  than  before;  but  on 
blowing  them  down,  the  charge  now  sinks  much  further  before 
flaming  commences. 

The  pressure  of  the  blast  has  not  changed  materially  from  that  of 
the  old  fuel-charge,  but  now  remains  more  uniform.  The  necessary 
reduction  of  iron  can  thus  always  be  relied  on. 

To  the  practical  furnace-man,  these  advantages  are  of  almost  as 
much  importance  as  the  direct  saving  in  the  cost  of  smelting. 

The  short  trial  with  a  higher  percentage  of  coal  I  do  not  consider 
conclusive,  and  I  am  now  working  the  amount  of  coal  up  by  gradual 
steps  to  see  what  proportion  we  can  use  to  the  best  advantage.  The 
limit  will  probably  be  reached  sooner  on  our  low  furnaces  than  it 
would  be  on  higher  ones.  We  are  now  using  27  per  cent,  of  coal  on 
the  fuel-charge,  and  I  believe  that  on  our  furnaces  the  limit  will  be 
reached  at  about  33  per  cent.,  but  that  on  higher  stacks  the  percentage 
could  be  carried  to  at  least  60. 

Of  oouree,  this  will  in  a  measure  depend  on  the  quality  of  the  coal 
used.  For  instance,  I  was  obliged  recently  to  use  coke  and  coal  from 
southern  Colorado  (containing  20  and  13  per  cent,  of  ash  respectively) 
in  place  of  our  regular  fuel  (containing  11  and  8  per  cent,  respectively), 
and  although  I  made  allowance  for  the  difference  in  fuel-value  and 
added  flux  for  the  ash,  we  had  much  trouble  with  the  furnaces,  owing 
to  scaffolding  of  charges  and  incomplete  combustion  before  the 
tuyeres,  with  consequent  bad  effects  on  the  slags,  etc. 

There  are  many  smelting-districts  where  the  difference  between  the 
prices  of  coke  and  coal  is  even  greater  than  here  in  Leadville.  In 
such  places  the  direct  gain  by  the  use  of  coal  instead  of  coke  will  be 
correspondingly  greater.  But  to  practical  furnace-men  the  other  ad- 
vantages above  described  will  be,  perhaps,  sufficient  to  induce  a  trial  of 
this  simple  experiment,  even  where  the  item  of  saving  in  fuel-cost  is 
not  important;  and  I  shall  be  glad  to  hear  of  the  experience  of  others 
in  this  line. 

Discussion. 

Arthur  8.  Dwight,  Pueblo,  Colo,  (communication  to  the  Secre- 
tary): Mr.  Neill's  experiments  with  bituminous  coal  in  lead-smelting 
open  up  many  interesting  possibilities  regarding  the  line  to  be  fol- 
lowed in  the  future  development  of  this  branch  of  metallurgy.  In 
Colorado,  particularly,  the  large  number  of  smelting- works  erected 
within  the  past  few  years  has  caused  the  keenest  competition,  reduc- 
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ing  smelting-margins  on  ores  of  all  characters  to  figures  which  will 
barely  cover  cost.  Indeed,  on  certain  kinds  of  ores,  there  is  a  loss 
of  two  or  three  dollars  per  ton.  Under  the  pressure  of  these  con- 
ditions, lead-smelters  have  been  forced  to  adopt  every  plan  which 
gave  any  promise  of  reducing  the  cost  of  treatment,  whether  by 
cleaner  and  better  metallurgical  work,  by  saving  in  labor,  or  by  cut- 
ting down  general  expenses  per  ton,  through  the  building  of  ad- 
ditional stacks  and  the  treatment  of  a  greater  total  tonnage.  The 
last-named  means  for  reducing  cost  of  treatment  has  proved  some- 
what disappointing.  It  is,  indeed,  in  vain  to  expect  a  profit  from 
smelting  a  greater  tonnage  of  ore,  on  which  there  is  a  loss,  unless 
that  loss  be  well  within  the  item  of  general  expense,  as  assessed  on 
the  smaller  tonnage. 

Mr.  Neill's  saving  of  twenty-five  to  thirty  cents  per  ton  in  the 
cost  of  smelting  by  substituting  coal  for  a  portion  of  the  coke  is, 
therefore,  most  important,  and  in  many  cases  would  change  loss  into 
profit. 

From  a  technical  standpoint,  his  experiments  seem  to  have  been 
remarkably  successful,  though  it  is  to  be  wished  that  he  had  given 
us  more  complete  details,  for  instance,  as  to  the  manner  of  charging 
the  mixed  fuels  with  the  ore-charge;  more  definite  figures  as  to  the 
effect  on  the  slag  and  matte ;  and  a  precise  comparison  of  the  speed 
of  the  furnace  on  coke  and  on  coke  mixed  with  stone-coal.  The 
good  behavior  of  his  furnaces,  which  Mr.  Neill  chronicles,  is  evidence 
that  there  may  be  some  decided  advantages  in  the  coal  even  where 
the  commercial  saving  would  not  be  so  great  as  in  Leadville.  But 
it  certainly  seems  like  pushing  things  to  an  extreme  to  make  a  shafl- 
furnace  12  feet  high  manufacture  its  own  coke,  and  have  that  coke 
ready  to  burn  before  the  tuyeres  in  less  than  four  hours'  time. 

To  the  writer  it  seems  that  there  is  a  better  field  for  cheapening 
the  cost  of  smelting  by  doing  without  charcoal,  which  is  more  than 
twice  as  expensive  as  coke,  and  is  now  used  solely  on  account  of  the 
greater  tonnage  it  will  allow  to  the  smelter  as  compared  with  coke 
alone.  At  the  works  of  the  Colorado  Smelting  Company,  at  Pueblo, 
Colo.,  the  proportion  of  fuel  used  is  128  pounds  coke  and  35  pounds 
charcoal  to  1000  pounds  of  ore-charge  (slag  being  neglected).  We 
hope  to  have  an  opportunity  to  verify  Mr.  Neiirs  results  under 
our  conditions,  but  thus  far  we  have  not  been  able  to  make  the 
trial. 

In  this  connection  it  may  be  interesting  to  note  the  results  of  an 
experiment  to  replace  ooke  with  anthracite  in  a  lead  blast-furnace. 
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The  credit  for  this  experiment  is  due  to  Mr.  Alfred  Ropp,  at  present 
connected  with  the  Selby  Smelting  and  Lead  Company  of  San  Fran- 
cisco^ and  the  details  are  published  with  his  permission. 

In  1887,  while  Mr.  Ropp  was  in  charge  of  the  Tomichi  Valley 
smelter,  at  Gunnison,  Colo.,  his  supply  of  Crested  Butte  coke  got 
very  low.  Some  selected  anthracite,  of  about  goose-egg  size,  from 
the  neighboring  mines  of  Crested  Butte,  was  on  hand  in  the  works, 
and  as  coke  was  very  dear,  he  decided  to  try  replacing  some  of  the 
coke  on  his  charges  with  this  anthracite.  It  is  important  to  note 
that  no  charcoal  was  used.  Ten  per  cent,  of  the  coke  was  first  re- 
placed with  anthracite.  The  smelting-capacity  of  the  furnace  was 
slightly  reduced  ;  the  slag,  however,  remained  clean,  i.e.,  it  carried 
0.4  to  0.8  per  cent,  lead,  and  was  low  in  silver.  The  percentage  of 
anthracite  was  gradually  increased,  until  60  per  cent,  of  the  original 
charge  of  Crested  Butte  coke  had  been  replaced  with  anthracite. 
The  smel ting-capacity  of  the  furnace  diminished  as  the  proportion 
of  anthracite  increased.  The  slag  remained  about  the  same  in  lead 
and  silver ;  likewise  the  matte,  the  latter  containing  about  8  per 
cent,  lead  and  4  per  cent,  copper. 

During  the  whole  of  the  experiment,  the  speiss  was  of  the  coarsely 
crystalline  variety,  showing  that  plenty  of  iron  was  reduced.  The 
top  of  the  charges  remained  cool  and  the  crucible  free.  The  tuyeres 
seemed  to  darken  and  get  somewhat  harder  as  the  percentage  of 
anthracite  was  increased.  There  was  about  1\  per  cent,  of  zinc  in 
the  charge  during  the  experiment,  but  it  seemed  that  less  zinc-accre- 
tion was  formed  on  the  walls  than  when  coke  alone  was  used.  As 
to  the  manner  of  feeding,  the  charges  of  ore  and  fluxes  and  the  fuel- 
charges  were  distributed  in  even  layers  over  the  whole  section  of  the 
furnace. 

The  experiment  lasted  12  days;  and  at  length,  when  60  per  cent, 
of  anthracite  was  used,  the  capacity  of  the  furnace  was  decreased 
one-third. 

Under  the  conditions  prevailing  in  Gunnison,  particularly  on 
account  of  the  high  cost  of  labor,  the  experiment  was  not  a  commer- 
cial success.  The  furnaces  employed  were  water-jacket  furnaces  80 
inches  by  36  inches  in  section  at  the  tuyere-level,  and  9  feet  from 
tuyeres  to  feed-floor.  Had  they  been  higher,  it  is  very  likely  that 
the  results  might  have  been  better.  Another  condition  that  made 
the  furnaces  run  more  slowly  was  the  extreme  fineness  of  the  charges, 
which  became  more  and  more  effectively  troublesome  as  the  coke 
was  cut  down. 
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Id  both  of  these  experiments^  one  with  bituminoas  coal  and  one 
with  anthracite,  there  are  several  advantages  that  command  notice : 
1,  cool  tops ;  2,  open  crucibles ;  3,  good  reduction,  with  clean  slags 
and  mattes  low  in  lead ;  4,  less  zinc-accretions. 

The  fact  that  Mr.  Ropp  used  no  charcoal,  and  worked  with  a  very 
low  furnace  and  a  charge  less  coarse  than  the  average,  should  be 
borne  in  mind  in  comparing  the  results  of  the  two  experiments. 

The  common  points  of  advantage  demonstrated  in  both  cases  are 
of  sufficient  importance  to  justify  very  extended  experiments  by 
lead-smelters  with  the  use  of  coal  in  their  shaft-furnaces. 
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Discnssioii  of  the  Paper  presented  by  T.  D.  Ledyard,  Toronto,  Ont,  at  the  New  York  Meeting. 

(Cleveland  Meeting,  Jane,  1801.) 

R.  W.  Raymond,  New  York  City :  In  his  paper  at  the  New 
York  meeting  {T^ana.y  xix.,  28),  Mr.  Ledyard  described,  among 
other  mines,  the  Belmont,  in  the  county  of  Peterboro,  Ontario,  the 
developments  of  which  at  that  time  indicated,  though  they  did  not, 
perhaps,  completely  demonstrate,  a  deposit  of  high-grade  Bessemer 
magnetite  of  very  great  extent.  Mr.  Ledyard  said  that  experts  esti- 
mated the  quantity  of  ore  within  100  feet  of  the  surface  at  1,000,000 
tons.  But  the  precise  data  upon  which  this  estimate  was  based  were 
not  furnished.  We  are  all  interested  in  the  development  of  fresh 
supplies  of  Bessemer  ores.  I  think  nobody  who  knows  how  enor- 
mous is  the  demand  can  seriously  fear  that  such  deposits  will  be  ex- 
ploited too  rapidly.  On  the  other  hand,  I  need  not  here  enlarge  on 
the  fact  that  a  considerable  number  of  enterprises,  in  which  Ameri- 
can ironmasters  have  been  more  or  less  interested,  for  the  develop- 
ment of  Canadian  iron-ore  deposits,  have  been  unsuccessful,  more  by 
reason  of  disappointment  as  to  the  quantity  of  the  ore  and  the  facili- 
ties for  cheaply  mining  it  on  a  large  scale,  than  as  to  its  quality. 
Of  course,  a  Canadian  mine  supplying  the  American  market  is  han- 
dicapped at  present,  to  the  extent  of  76  cents  per  ton,  by  the  duty 
on  foreign  iron-ore ;  but  this  would  certainly  not  be  prohibitory  in 
the  case  of  a  deposit  sufficiently  large,  rich,  and  accessible.  Or,  to 
put  it  otherwise,  there  might  easily  be,  somewhere  in  Canada,  near 
our  borders,  a  mine  so  favored  that  its  product  could  be  profitably 
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marketed  on  our  side  of  the  Lakes  in  spite  of  the  duty.  That  this 
has  not  been  done  to  any  striking  extent  hitherto  is  negative  testi- 
mony, tending  to  show  that  the  best  that  Canada  could  offer  was  not 
economically  good  enough — or,  to  put  it  more  precisely,  not  75  cents 
per  ton  better  than  the  average  conditions  of  American  mines 
actively  operated  in  supplying  the  same  market. 

Now  the  analyses  of  the  Belmont  ore,  furnished  in  Mr.  Ledyard's 
New  York  paper,  and  showing  an  average  of  over  66  per  cent,  of 
iron  with  less  than  0.02  of  phosphorus,  leave  nothing  to  be  desired 
on  the  score  of  quality ;  and  the  general  description  which  he  gives 
of  the  nature  and  position  of  the  deposit,  though  lacking  in  details, 
seems  to  justify  his  statement  that  the  occurrence  resembles  some  of 
those  in  the  Lake  Superior  ranges  of  magnetic  deposits.  As  I  un- 
derstand from  that  paper,  and  from  a  sketch  of  the  workings  made 
at  about  the  date  of  its  publication,  a  considerable  area  of  iron*ore, 
lying  very  near  the  surface,  had  been  exposed  by  shallow  pits  and 
cuts.  This  area  was  perhaps  250  feet  square;  but  there  was  strong 
needle-attraction,  indicating  a  size  of  at  least  400  by  600  feet.  An 
average  of  60  feet  thickness  over  this  area  would  give  something 
more  than  the  1,000,000  tons  estimated  by  exi)erts,  and  it  seems 
probable  that  some  such  calculation  was  the  basis  of  that  estimate. 
Mr.  Ledyard  is  now  present,  and  has  brought  with  him  for  exhibi- 
tion some  cores  from  recent  borings  with  the  diamond  drill  on  this 
property.  I  hope  he  will  give  us  such  information  as  he  can  con- 
cerning its  most  recent  developments. 

Mb.  Ledyard  :  The  developments  made  since  the  date  of  my 
paper  show  the  ore-deposit  to  be  much  larger  than  at  first  supposed. 
The  diamond  drill-hole  from  which  these  cores  were  taken  was  bored 
vertically,  near  Pit  No.  1,  to  the  depth  of  100  feet,  of  which  about 
75  feet  appears  to  be  ore — and  mostly  rich,  clean  ore,  very  free  from 
sulphur,  1)ut  carrying  some  lime.  The  following  analyses  have 
been  made  lately : 

Pit  Metallic  iron.       PhoBphoruus.  Sulphur.  Silica. 

A.  No.  1,  65.240  .019  traces.  11.200 

B.  "  63.131  .023  .004  

C.  No.  2,  60.376  .037  .007  

D.  •*  68.33  .016  .0375  

R  No.  3,  69.85         ••       .013  .012 

F.       **  70.326  .0066  .0023  .875 

AnalyseB  A.,  B.,  C,  and  F.  were  made  by  William  Molin,  18  Liberty  Street,  New 
York.  Analysed  D.  and  E.  were  made  in  Milwaukee,  on  behalf  of  intending  pur- 
chasers, I  think,  by  Prof.  Davenport  Fisher,  but  I  am  not  quite  sure  of  this. 
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The  BelmoDt  Bessemer  Ore  Company  (Limited)^  which  has  been 
organized  to  work  this  mine,  has  erected  a  boarding-house  and 
office  and  is  now  testing  further  with  the  diamond  drill.  It  is 
intended  to  connect  the  mine  with  the  Canadian  Pacific  Railway  at 
Blairton  Station. 


NOTES  ON  SOME  OF  THE  MAGNETITES  OF  SOUTHWEST- 
ERN VIRGINIA  AND  THE  CONTIGUOUS  TERRI- 
TORY OF  NORTH  CAROLINA. 

BY  H.  B.  C.  NITZE,  BALTIMORE,  MD., 
(Cleveland  Meeting,  Jane,  1891). 

A  DESCRIPTION  of  some  of  the  magnetic  ore-deposits  in  this  region 
should  be  of  interest  to  the  mining  and  metallurgical  public,  inas- 
much as  very  little  has  been  said  or  written  concerning  them. 

I  refer  to  the  magnetite  deposits  of  Franklin  and  Henry  counties, 
Va.,  and  of  Stokes  county,  N.  C. 

These  deposits  remained  comparatively  unexplored  until  recently, 
when  the  construction  of  the  Roanoke  &  Southern  R.  R.  through 
this  territory  has  called  attention  to  them,  by  furnishing  the  means 
of  transportation  for  the  ores.  It  is  true  that  the  ores  have  long 
been  known,  at  least  locally,  and  were  smelted  in  Catalan  forges  and 
old -fashioned,  cold-blast  charcoal-furnaces  long  before  and  during 
the  late  war.  At  the  present  time,  however,  the  old  workings  are 
caved  in,  filled  up  and  over-grown  to  such  an  extent  that,  as  a  rule, 
but  little  can  be  learned  from  them.  No  prospecting  of  any  conse- 
quence has  been  done,  and  as  my  time  was  too  limited  and  the 
territory  to  be  examined  too  expensive  to  permit  additional  openings 
of  a  more  satisfactory  nature  to  be  made,  the  incompleteness  of  some 
of  the  data  I  have  to  offer  (notably,  those  referring  to  the  absolute 
width  of  the  veins)  will  be  pardoned. 

It  will  hardly  be  necessary  to  say  that  this  ore- bearing  formation 
belongs  to  the  Archssan,  or  Eozoic  agp,  the  usually  occurring  rocks 
being  schist,  shale,  gneiss,  granite,  sandstone  and  quartzite.  The 
stratigraphy  is,  as  a  rule,  quite  regular  (excepting  in  the  Danbury 
section,  Stokes  county,  N.  C),  the  genera]  strike  being  northeast  and 
southwest,  and  the  dip  nearly  verticaL     The  country  is  gently  roll- 
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iDg  and  hilly,  traversed  by  long  ridges  of  moderate  height,  trending 
northeast  and  southwest,  parallel  to  the  Blue  Ridge,  and  enclosing 
fertile  and  well-watered  valleys.  The  soil  is,  in  general,  a  gray, 
sandy  loam,  naturally  adapted  to  the  cultivation  of  tobacco^ /or  which 
product  this  section  enjoys  a  wide  reputation. 

I  will  divide  the  country  to  be  described  as  follows: 
I.  Rocky  Mount  Section. 
II.  Brown  Hill  Section. 
III.  Stewart's  Knob  Section. 
IV^  Davis  Mill  Section. 
V.  Martinsville  Section. 
VI.  Danbury  Section. 

I.  The  Rocky  Mount  Section. 

Just  outside  and  to  the  west  of  Rocky  Mount,  the  county  seat  of 
Franklin  county,  are  situated  the  Rocky  Mount,  or  Clark  mines, 
on  a  vein  of  magnetite  which  was  worked  here  many  years  ago  by 
the  Pennsylvania  Steel  Company,  and  abandoned,  presumably,  on 
account  of  the  cost  of  transportation. 

The  deposit  exists  in  a  long,  low  ridge,  parallel  to  the  "  GraSv<iy 
Hills."  The  outcrop  is  very  distinct  and  has  been  stripped  to  a  great 
extent  by  the  Pennsylvania' Steel  Company.  There  are  also  a 
number  of  old  shafts  on  the  vein,  which  were  unfortunately  caved  in 
and  filled  with  water,  so  that  I  was  unable  to  make  an  inside  exami- 
nation of  the  mines. 

The  last  shaft  was  put  down  by  the  Virginia  Development  Com- 
pany, to  a  depth  of  about  seventy-five  feet,  but  this  was  also  filled 
with  water.  I  am  given  to  understand  that  the  vein  pinched  out 
entirely  at  this  depth. 

From  the  investigations  that  I  made  I  am  satisfied  that  the 
character  of  this  vein,  as  is  the  case  with  all  magnetic  veins  in  this 
section  of  Virginia  and  North  Carolina,  is  lenticular,  pinching  and 
bulging  out  in  all  directions. 

The  general  strike  of  the  vein  is  northeast  and  southwest,  and  the 
dip  from  60°  to  80®  southeast.  But  this  is  variable,  and  it  may 
even  dip  abnormally  to  the  northwest.  The  strike  may  also  vary  con- 
siderably with  the  direction  of  the  ridges.  The  hanging- wall  is  a 
hard,  talcose  slate,  the  foot- wall  being  a  hornblende  schist.  The  ore 
adjoining  the  latter  is  exceedingly  hard  and  banded  to  the  wall.  That 
on  the  hanging-wall  side  is  softer,  and,  I  believe,  of  a  better  grade. 
This  hard  ore  was  in  places  impregnated  with  crystals  of  pyrites. 
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Below  I  give  two  analyses  of  this  ore : 

(1)  (2) 

Per  cent       Per  cent 

Silica, ,  14.05  11.92 

Metallic  iron, 53.95  57.56 

Lime 3.00 

Sulphur, 2.14 

Phoephorns, 0.068            0.008 

Titanic  acid, 0.520 

No.  1  was  obtained  indirectly  from  Mr.  C.  M.  Clark,  of  the 
"Virginia  Steel  Company/'  and  represents  an  average  of  five 
samples.     It  also  contains  a  slight  percentage  of  copper  and  alumina. 

No.  2  is  by  Mr.  M.  B.  Corse,  of  Roanoke,  Va.,  of  a  sample  taken 
by  myself. 

In  a  northeasterly  direction  the  outcrop  may  be  traced  within  the 
corporate  limits  of  Eocky  Mount ;  and  five  miles  northeast  of  Rocky 
Mount  it  is  seen  to  cross  the  Lynchburg  turnpike.  I  believe  that 
the  magnetic  ores  of  Campbell  and  Amherst  counties,  above  Lynch- 
burg, belong  to  this  general  zone. 

In  the  southwesterly  direction  the  ore-zone  can  be  traced  to  the 
Pig  river,  which  it  crosses  about  two  and  a  half  miles  from  Rocky 
Mount. 

On  the  western  bank  of  the  river,  at  the  foot  of  a  hill  on  Dr. 
William's  place,  were  some  old  pits,  dug  by  the  Sanders  Furnace 
Company,  in  which  the  ore  showed  up  very  well.  The  outcrop  was 
also  observed  in  the  turnpike  a  little  higher  up. 

The  old  Sanders  furnace  and  forge  were  situated  about  three-fourths 
of  a  mile  from  Rocky  Mount.  The  furnace  is  now  demolished,  but 
in  its  time  is  said  to  have  produced  from  these  ores  a  very  superior 
iron,  famed  for  its  excellent  qualities,  which  was  wagoned  to  North 
Carolina  and  Alabama.  They  smelted  the  ores  mined  in  the  im- 
mediate vicinity  of  Rocky  Mount,  and  many  of  these  old  pits  and 
diggings  are  still  visible,  though,  naturally,  overgrown  and  filled 
up.  At  one  place  the  ore  was  worked  in  a  ridge  parallel  to  that  in 
which  are  situated  the  Rocky  Mount  mines ;  other  indications  besides 
this  lead  me  to  believe  that  there  are  several  parallel  ore- veins 
existing  in  parallel  ridges. 

In  going  from  the  Rocky  Mount  to  the  Brown  Hill  section,  I 
traced  the  magnetite-zone  for  eleven  or  twelve  miles,  paralleled  by 
the  Roanoke  &  Southern  railroad  line.  Surface-indications  of  the 
ore  were  visible  in  many  places.  An  outcrop  of  the  vein  is  met 
with  in  the  dirt  road  at  the  foot  of  Cooke's  Knob,  near  the  site  of 
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an  old  furnace,  the  ruins  of  which  are  etill  standing,  on  the  waters 
of  Story  creek.  In  the  railroad  cut,  on  John  Young's  place,  near 
here,  there  were  some  fair  indications  of  magnetite.  The  vein  crosses 
the  dirt  road  to  the  south  of  here,  and  passes  over  a  hill  on  Alex- 
Ingram's  place^  where  the  outcrop  covers  a  width  on  the  surface  of 
from  fifteen  to  twenty  yards. 

Southwest  from  here,  on  Mr.  Key's  place,  I  e«w  quite  a  marked 
outcrop  of  brown  hematite,  in  a  wash-out,  seemingly  a  superficial 
or  blanket-formation  ;  it  showed  but  a  few  inches  in  thickness.  The 
blue  shales  here  rather  indicate  the  possibility  of  a  magnetite  vein. 

II.   The  Br(.wn  Hill  Section. 

These  deposits  are  on  the  waters  of  Town  creek,  and  the  Roanoke 
&  Southern  railroad  parallels  the  zone  for  several  miles.  The 
peculiarity  of  the  deposits  here  seems  to  be  a  capping  of  brown 
hematite  ore  over  the  magnetite  vein  proper,  which  had  already 
been  noticed  on  Key's  place.  While  this  brown  ore  is  presumably 
of  very  good  quality,  the  underlying  magnetite  must  be  looked  to  for 
the  main  source  of  supply. 

On  Armistead  Young,  Jr.'s,  place,  where  the  railroad  crosses  the 
summit,  are  several  test-pits  and  a  little  prospect-shaft,  fifteen  or 
twenty  feet  in  depth.  Unfortunately  the  vein  has  not  been 
thoroughly  exposed.  The  strike  was  between  40°  and  50°  northeast 
and  southwest,  and  the  dip  measured  about  70°  southeast. 

As  1  had  expected,  the  brown  hematite  showed  near  the  surface, 
the  magnetite  being  below.  There  were  some  very  good  indications 
of  magnetite  over  the  side  of  the  hill  here. 

To  the  southwest  from  here,  on  Lewis  Young's  place,  are  very 
profuse  surface-indications  of  brown  hematite  on  the  slope  of  a. 
ridge,  just  above  the  Roanoke  &  Southern  R.  R.  liue.     Some  large 
lumps  and  boulders  of  hematite  were  observed  here,  weighing  prob- 
ably several  hundred  pounds  each. 

In  a  southwest  direction  the  zone  crosses  over  Giles  Young's  place,, 
where  there  are  some  old  furnace-workings,  exposing  a  fine  ledge  of 
magnetite.  Comparatively  speaking  a  good  deal  of  ore  has  been 
mined  here,  and,  nearly  as  I  could  judge,  the  vein  must  be  some  6>or 
8  feet  thick.  Strike  northeast  and  southwest;  dip,  nearly  vertical. 
The  ore  was  a  black,  compact  magnetite.  I  regret  that  the  analysis 
of  a  sample  I  took  here  has  not  yet  been  completed. 

Thence  the  zone  crosses  Mr.  Spencer's  land,  where  several  small 
pits  show  the  brown  hematite  and  magnetite  '*  bloom."     Here  there 
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are  also  signs  of  some  former  workings,  open  cats  and  tunnels,  now 
caved  in  ;  but  the  old  dumps  show  that  they  were  chiefly  intent  upon 
getting  the  superficial  hematite-ores. 

Outcroppings  are  again  met  with  on  Mr.  Samuel  PreHiman's  place, 
in  a  small  branch.  There  are  some  old  workings  here,  where  the 
Sanders'  Furnace  Co.  mined  ores.  They  exhibited  both  brown 
hematite  and  magnetite. 

The  following  analysis  represents  the  quality  of  the  superficial 
brown  ores  in  this  section : 

Per  Cent 

Silica, 15.41 

Metallic  iron, 48.94 

Phosphorus, h       .        •      0.321 

Analyst,  M.  B.  Corse,  Roanoke,  Va. 

At  Prelliman's,  the  railroad  leaves  the  ore-zone,  which  continues  in 
a  southwest  direction  to  Stewart's  Knob,  in  Patrick  county,  12  miles 
from  here.  It  crosses  Smith  river,  passing  from  Franklin  into 
Patrick  county,  just  above  the  old  Hairston  forge,  which  was  in 
operation  only  20  years  ago,  and  the  ruins  of  which  are  still  stand- 
ing. On  the  south  bank  of  Smith  river,  near  Union  Church,  the 
brown  hematite  crops  out  in  a  steep  hill.  An  analysis  of  this  ore, 
made  by  Mr.  Corse,  shows : 

Per  Cent. 

Silica, 6.67 

Metallic  iron, 63.06 

Phosphorus, 0.669 

From  here  to  Stewart's  Knob,  distinct  traces  of  the  vein  are  met 
withy  crossing  the  dirt  road  in  many  places. 

III.  The  Stewart's  Knob  Section. 

Stewart's  Knob  is  one  of  the  foot-hills  of  Bull's  Mount,  an  oat- 
lier  of  the  main  Blue  Ridge  chain,  in  the  northeast  part  of  Patrick 
county. 

Here  are  situated  the  old  Hairston  mines,  at  which  there  are  a 
great  many  openings  and  an  old  tunnel  which  I  examined.  It  is 
again  a  source  of  regret  to  me  that  at  none  of  these  places  was  I 
able  to  determine  the  real  width  of  the  vein,  as  the  diggings  and 
tunnel  were  overgrown  and  fallen  in.  However,  I  saw  enough  to 
satisfy  me  that  there  is  a  large  deposit  of  ore  here ;  and  I  believe  that 
.the  iveinsiiave,  in  a  measure,  been  concentrated  in  this  knoll.     The 
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brown  hematite  was  again  seen  to  overlie  the  magnetite.  In  places 
the  ore  is  specular  (though  still  magnetic)  with  a  distinct  red 
streak,  fine-grained  and  homogeneous.  Again  it  is  crystalline,  coarse- 
grained and  highly  magnetic,  having  a  black  streak.  I  am  pleased 
to  say  that  I  did  not  notice  the  presence  of  any  pyrites. 

It  will  thus  be  seen  that  I  traced  the  ore-zone  from  Rocky  Mount 
in  a  general  southwest  direction,  to  Stewart's  Knob,  a  distance  of 
over  24  miles.  From  Rocky  Mount  to  Prelliman's  the  Roanoke  & 
Southern  railroad  practically  parallels  the  zone.  Continued  in  a 
southwest  direction  through  Virginia  it  would  strike  the  Cranberry 
deposit  in  Mitchell  county,  N.  C. 

The  Brown  Hill  section  is  well  timbered  with  white,  post  and 
chestnut  oak,  poplar  and  hickory. 

IV.  The  Davis  Mill  Section. 

On  the  Hollingsworth  place,  near  Mill  creek,  about  three  miles 
from  the  confluence  of  the  same  with  Town  creek,  there  are  two 
small  test-pits  some  4  or  5  feet  in  depth,  and  10  or  16  feet  long,  ex- 
posing a  vein  of  magnetic  iron-ore,  with  the  characteristic  showing 
of  limouite  near  the  surface.  The  strike  measured  a  few  degrees 
north  of  east  and  south  of  west,  dipping  nearly  vertically.  In 
the  dirt  road  near  here  there  are  indications  of  two  separate  parallel 
veins.  In  an  easterly  direction  it  crosses  over  to  an  adjacent  ridge, 
where  it  is  laid  open  by  another  pit ;  it  should  strike  the  railroad  in 
the  vicinity  of  Davis's  Mill  on  Town  creek. 

About  1  mile  south  from  here,  also  in  the  watere  of  Mill  creek, 
I  found  an  excellent  outcrop  of  hematite  ore  in  the  dirt  road,  the 
surface  showing  covering  a  width  of  about  30  feet,  with  indica- 
tions of  magnetic  ''  bloom.'' 

About  }  mile  still  further  south  there  are  similar  indications  of 
another  vein.  About  100  yards  east  of  the  railroad,  near  Davis's 
Mill,  are  some  indications  of  brown  hematite  (as  yet  unexplored), 
which  seem  to  be  in  the  zone  with  the  Hollingsworth  place,  above 
mentioned. 

About  f  mile  from  Davis's  Mill  on  a  little  branch,  which  is  a  trib- 
utary of  Town  creek,  are  some  very  fair  indications  of  magnetite. 
On  the  outcrop,  the  ore  was  disseminated  through  quartzite.  Near 
here  there  were  also  indications  of  limonite  and  pyrolusite. 

On  the  EaBt  prong  of  Town  creek,  3  miles  from  the  Roanoke  & 
Southern  railroad,  there  are  some  very  good  indications  of  magne- 
tite.   On  the  Martin  place  there  were  several  shallow  pits,  not  deep 
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enough  to  expose  the  vein,  but  the  surface-indications  were  very^pro- 
fuse.  The  strike  was  nearly  east  and  west,  and  the  dip  measured 
from  60''  to  66°  a  little  east  of  south. 

An  analysis  of  this  ore  by  Mr.  M.  B.  Corse,  of  Roanoke,  Va., 
shows : 

Per  Cent 

Silica, 0.99 

Metallic  iroD, 69.87 

Phosphorus, 0.010 

Titanic  Acid» trace. 

About  8  miles  south  of  Waidsboro,  and  3  miles  east  of  the 
Roanoke  &  Southern  railroad,  on  Hurt's  Mount,  the  most  promi- 
nent peak  in  the  vicinity,  there  is  an  excellent  showing  of  magnetic 
iron-ore.  Some  of  the  surface  boulders  of  pure  magnetite  weighed 
several  hundred  pounds. 

V.   The  Martinsvillb  Section. 

About  7  miles  southwest  from  Martinsville,  on  the  waters  of 
Grassy  creek,  are  the  Chestnut  Knob  magnetites.  Chestnut  Knob 
is  a  prominent  peak  near  the  boundary  line  between  Virginia  and 
North  Carolina,  and  the  Roanoke  &  Southern  railroad  line  crosses 
the  State  line  about  two  miles  east  of  it.  Several  old  openings  have 
been  made  in  this  vicinity,  and  at  one  old  bank  the  ore  was  worked 
on  a  small  scale  as  long  as  100  years  ago. 

The  surface  indications  were  good,  and  the  zone  has  been  traced 
for  some  distance  to  the  southwest.  I  believe  that  it  will  corres- 
pond with  the  ore-zone  at  Danbury,  N.  C,  to  be  described  hereafter. 

The  character  of  the  ore  is  massive,  coarse,  granular,  and  highly 
magnetic. 

In  a  northeast  direction  the  zone  can  be  traced  by  numerous  out- 
croppings. 

On  the  Morris  place,  about  4  miles  from  Martinsville,  on  the 
west  bank  of  Smith  river,  on  the  Danville  &  ^ew  River  railroad, 
and  about  ^  mile  from  the  Roanoke  &  Southern  railroad,  there  are 
some  5  or  6  pits  on  the  top  of  a  ridge,  showing  up  the  ore  very 
well,  though  they  are  hardly  deep  enough  to  have  penetrated  the 
vein  in  its  normal  position.  The  ore  is  compact,  granular  and  highly 
magnetic.  The  wall-rocks  are  a  garnetiferous  gneiss  and  a  taloose 
mica-schist.     The  strike  is  northeast  and  southwest. 

On  the  east  bank  of  the  river  the  zone  can  be  traced  up  Little 
Reid  creek.  The  surface  indications  at  places  are  excellent,  sur- 
passing anything  I  have  seen  yet.    Some  of  the  boulders  of  magne- 
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tite  weigh  several  tons.     The  ore  is  fine-grained  and  compact,  free 
from  quartzite  and  sulphuret. 

Both  to  the  northwest  and  southeast  of   this  vein,  the  surface 
indications  point  to  the  existence  of  parallel  veins. 

Near  Pcdigo  meeting-house,  3^  miles  northeast  of  Martinsville, 
and  about  7  miles  from  the  B.  &  S.  B.  R.,  on  Beaver  creek,  there 
is  an  exceedingly  fine  showing  of  magnetite.  The  ore  is  compact, 
fine-grained,  hard,  black  magnetite ;  it  is  very  homogeneous  and 
free  from  quartzite  and  sulphuret.  The  surface  showings  are  very 
profuse  and  indicate  two  parallel  veins.  There  are  several  small 
test-pits  here,  in  one  of  which  the  vein  shows  up  about  six  (6)  feet 
in  width.  The  wall-rocks  of  the  vein  are  probably  quartzite  and 
soapstone.  The  zone  can  be  traced  in  both  directions  from  here 
for  some  distance ;  and  to  the  northeast,  I  think  its  continuation 
will  be  found  in  the  Turkey  Cogk  Mountains,  about  3  miles  dis- 
tant. Magnetite  and  specular  hematite  have,  been  reported  from 
here. 

About  1  mile  north  of  Martinsville  there  is  a  showing  of  magne- 
tite near  the  R.  &  S.  R.  R.  An  analysis  of  this  ore  shows  58  per 
cent,  metallic  iron.  It  would  require  months  to  see  everything 
thoroughly  in  this  section,  but  from  my  limited  examination  I  feel 
safe  in  saying  that  there  are  large  and  valuable  deposits  here,  which 
I  believe  to  correspond  with  the  Pittsville  ore-zone  in  Pittsylvania 
county,  about  34  miles  northeast  of  Martinsville,  and  with  the  Dan- 
bury  zone  in  Stokes  county,  N.  C,  some  25  miles  to  the  southwest. 

VI.    The  Danbury  Section. 

Danbury  is  situated  on  the  south  bank  of  the  Dan  river,  in  Stokes 
Co.,  N.  C,  about  11  miles  northwest  from  the  R.  &  S.  R.  R.  at 
Walnut  Cove.  The  town  is  located  on  the  foot-hills  of  Sauratown 
Mountains. 

On  the  north  bank  of  the  river  are  a  series  of  parallel  ridges,  the 
spurs  of  which  make  in  the  direction  of  the  river,  being  cut  by 
numerous  streams  and  hollows. 

Here  are  situated  the  deposits  of  magnetic  iron-ore  which  have 
been  known  to  exist,  and  from  which  the  ores  have  been  mined  and 
smelted,  as  long  as  100  years  ago. 

The  geological  formation  belongs  to  the  ArchsBan  or  £k»zoic,  and  the 
commonly  occuring  rocks  are  sandstone,  granite,  schists  (mica,  talc 
and  hornblende).  The  stratification  is  very  much  contorted,  show- 
ing evidence  of  some  great  disturbance  in  the  earth's  crust,  probably 
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brought  about  by  the  upheaval  of  Sauratown  Mountains  and  conti- 
guous ranges. 

I  found  the  strike  to  vary  from  due  east  aqd  west  to  due  north 
and  south,  often  northeast  and  southwest  (normal)  and  sometimes 
northwest  and  southeast. 

The  dip  naturally  varies  accordingly,  as  does  also  the  angle  of  the 
same,  which  is  usually  between  20°  and  40°.  The  magnetic  ores 
in  this  section  occur  in  a  series  of  parallel  veins,  occupying  a  width 
of  about  4|  miles.  So  far,  but  few  of  these  veins  have  ever  been 
prospected  or  worked.  They  have  been  traced  in  a  southwest  direc- 
tion for  over  20  miles  through  Stokes  county,  crossing  the  Yadkin 
river  into  Yadkin  county.  In  a  northeast  direction  they  most 
likely  correspond  to  the  Henry  county,  Va.,  zone,  as  previously 
mentioned. 

The  ores  in  this  district  may  be  divided  into  three  classes :  Hard 
ore,  soapstone  ore  and  sand  ore.  '[rhis  is  the  vernacular  nomencla- 
ture, and  is  meant  to  be  descriptive  of  the  characteristics  of  the  ore. 

The  hard  ore  is  a  hard,  compact,  crystalline,  massive  and  homo- 
geneous magnetite ;  the  soapstone  ore  is  a  soft,  greasy  ore,  composed 
of  crystalline  grains  of  magnetite,  disseminated  through  a  matrix  of 
talcose  and  mica  schists;  and  the  sand-ore  is  composed  of  granular 
magnetite  disseminated  through  a  sandy  matrix.  It  is  also  soft  and 
friable. 

The  soapstone  and  sand  ores  taken  en  masse,  are,  of  course,  lower 
in  metallic  iron  than  the  hard  ore,  which  should  average  between  55 
and  60  percent.  But  they  may  easily  be  separated  from  their  ma- 
trix by  the  use  of  the  modern  improved  magnetic  separators  or  con- 
centrators, such  as  the  Edison,  Wenstrom,  or  Ball  and  Norton. 
They  have  the  advantage  of  being  more  easily  mined  than  the  hard 
ores,  on  account  of  their  softness. 

I  will  now  describe  some  of  the  old  workings  which  I  visited  : 

ITie  William  Nelson  Hard  Ore  Bank. — Ore  was  formerly  mined 
at  this  place  for  the  old  Clement's  forge,  which  was  built  in  1790, 
about  1^  miles  west  of  the  ore  bank.  The  main  opening  is  situated 
in  a  ravine  near  Mr.  Nelson's  house,  on  a  small  branch,  a  tributary 
of  Buck  Island  creek,  which  empties  into  the  Dan  river  about  2 
miles  from  here.  This  opening  is  in  the  shape  of  an  undercut  along 
the  outcrop  of  the  vein  ;  unfortunately  it  was  filled  with  water  at 
the  time  of  my  visit.  It  is  about  100  feet  in  length  and  shows  a 
clearly  defined  vein  of  very  hard,  steel-gray  to  black,  crystalline 
magnetite,   homogeneous  in  structure  and  highly  magnetic.     The 
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strike  of  the  strata  was  nearly  east  and  west,  and  their  dip  measured 
from  30°  to  35°  nearly  north. 

The  hanging-wall  is  a  hard,  gneissoid  quartzite  (metamorphic 
sandstone) ;  the  foot-wall  being  a  hornblende  schist,  banded  to  the 
ore  by  a  layer  of  epidote. 

At  the  upper  end  of  this  cut  I  determined  the  vein  to  be  2^  to  3 
feet  thick,  and  I  was  told  that  it  had  l)een  cut  in  the  middle  at  a 
thickness  of  8  feet.  The  outcrop  can  be  traced  in  an  easterly  direc- 
tion for  half  a  mile  or  more. 

On  the  opposite  side  of  the  branch,  and  on  the  northern  slope  of 
School-house  ridge,  were  a  number  of  old  openings  and  diggings, 
from  which  hundreds  of  tons  of  ore  have  been  apparently  taken  in 
former  times.  The  character,  strike  and  dip  of  the  strata,  are  the 
same  as  on  the  opposite  side,  just  described,  and  it  must  be  the 
same  vein  which  lies  on  the  slope  of  the  hill  here  in  the  shape  of  a 
thick  blanket,  and  is  cut  in  two  by  the  branch  at  the  bottom  of  the 
ravine.  In  one  place  a  large  area  has  been  stripped  and  cleaned 
off,  exposing  a  naked  bare  back  of  ore. 

There  is  an  old  open  cut  here,  40  to  50  feet  deep  at  the  face, 
showing  up  the  ore-vein  at  a  considerable  depth.  The  pit  was  filled 
up  so  that  I  could  make  no  measurements. 

The  following  is  an  analysis  of  a  sample  taken  from  the  Hard 
oiie-bank.    The  sample  contained  some  of  the  wall-rock,  accountings 
for  the  high  percentage  of  silica. . 

Per  cent. 

SUica, 17.83 

Metallic  iron, 53.24 

Phosphorus, 0.052 

Sulphur, 0.023 

Titanic  acid, trace. 

Lee  Nd^%  Orandfather  Bank, — ^This  old  ore-bank  is  situated 
on  Island  branch,  which  empties  into  the  Dan  river  about  ^  mile 
from  here.  The  opening  is  in  the  shape  of  a  large  cut,  extending 
into  the  hillside  some  75  feet,  and  is  20  to  30  feet  deep  at  the  face. 
It  is  a  reddish,  talcoee  ore  (soapstone  class),  soft,  and  is  easily  mined. 

I  was  unable  to  make  any  satisfactory  measurements,  as  the  face 
was  caved  in  and  the  drift  filled  up.  The  width  of  the  vein  is  said 
to  vary  from  3  to  9  feet.  The  foot-wall  will  be  a  hornblende,  and 
the  hanging-wall  a  talcose  mica-schist. 

An  analysis  of  this  ore  shows : 
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Per  cent 

Silica, 21.47 

Metallic  iron, 47.23 

Pho8phorns, 0.081 

Sulphur, 0.006 

Titanic  acid, 0.19 

The  strike  is  nearly  north  and  south.  The  dip  measures  about 
45®,  a  little  north  of  east. 

Becky  Nekon  Bank. — This  old  bank  is  on  the  opposite  side  of  the 
ridge,  west  of  the  "Grandfather"  bank.  The  direction  of  the  old 
openings  along  the  surface,  several  hundred  yards  in  extent,  shows 
the  strike  to  be  northwest  and  southeast.  There  is  an  old  tunnel 
here  in  which  the  vein  was  said  to  be  8  feet  thick  when  they  stopped. 
The  ore  belongs  to  the  "  soapstone ''  class.  These  old  ore-banks 
supplied  the  charcoal -furnace  at  the  mouth  of  Snow  creek,  2^  miles 
below  Danbury,  about  60  years  ago. 

Southwest  from  the  above,  on  the  same  ridge,  is  the  Banner  Bank. 
This  bank  shows  many  old  pits  and  surface  diggings,  extending  along 
the  line  of  outcrop  for  several  hundred  yards.  The  vein  is  reported 
to  have  been  8  feet  thick. 

The  old  Langford  Bank  is  about  \  mile  southeast  from  the  Orand- 
father,  and  the  Shropshire  Bank  is  also  in  this  vicinity. 

The  Rodgers  Ore-Bank. — This  is  situated  on  a  small  branch,  a 
tributary  of  Sandy  creek,  which  empties  into  the  Dan  river  about 
one  mile  from  here.  There  is  a  shaft  hereabout  60  feet  deep,  which 
was  filled  with  water  at  the  time  of  my  visit.  It  was  last  worked 
during  the  Civil  War,  to  supply  the  old  charcoal-furnace  on  the 
river  just  below  Danbury.  The  dip,  measured  near  the  surface,  is 
21®,  slightly  north  of  east;  consequently  the  strike  is  almost  north 
and  south. 

Ah  the  vein  was  gone  down  on,  the  angle  of  dip  increased,  as  is 
shown  by  the  fact  that  the  shaft,  sunk  very  near  the  outcrop  on  the 
surface,  was  in  ore  at  the  bottom.  This  folding  is  noticeable  at  other 
places  in  this  district.  At  a  depth  of  60  feet  levels  were  driven  off 
along  the  strike  of  the  vein,  which  is  reported  as  varying  in  thick- 
ness from  4  to  8  feet.  The  old  ore-dump  outside  of  the  shaft  shows 
some  very  good  specimens  of  hard,  compact  magnetite.  The  foot- 
wall  is  a  hard,  blue  flint,  and  I  infer  the  hanging-wall  to  be  a  horn- 
blende schist,  with  a  thin  parting  of  micaceous  shale  adjoining  the 
ore. 

Southwest  from  the  above  place  is  the  old  Chen*y  Tree  Bank,  on 
Sandy  creek,  about  |  mile  above  the  Danbury  ford  at  the  river. 
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The  Carlin  Ore-Bank, — This  is  situated  on  a  ridge  above  a  small 
branchy  a  tributary  of  Seven  Islan^  creek,  which  empties  into  the 
Dan  river  1^  miles  from  here.  There  are  several  old  shafts  here, 
one  of  which  has  caved  in,  and  with  it  a  considerable  area  over  the 
old  underground  workings.  The  shaft  was  60  feet  deep.  The  ores 
were  formerly  worked  in  a  neighboring  forge. 

The  Pepper  Mine. — This  is  another  of  these  old  ore-banks,  at 
which  nothing  more  than  the  former  workings  can  now  be  seen, 
which  are  of  considerable  extent.  A  tunnel  here  is  said  to  have  cut 
the  vein  from  6  to  8  feet  in  thickness. 

The  Isaac  Fogg  Opening. — At  this  place  there  are  several  test- 
pits  on  the  summit  of  a  ridge  showing  magnetic  sand.  The  main 
opening  is  at  the  head  of  a  ravine,  where  the  ore  was  formerly 
worked.  At  the  bottom  of  this  opening  a  drift  was  extended  into 
the  face  some  6  or  8  feet,  exposing  a  vein  of  about  4  feet  thickness. 
It  is  a  sand  ore,  soft,  and  easily  mined.     The  dip  is  21^  southeast. 

An  analysis  of  this  ore  shows : 

Per  cent. 

Silica, 18.35 

Metallic  iron, 48.62 

Phosphorus, 0.117 

Sulphur, 0.021 

TiUnicacid, 0.17 

In  several  iastances  I  noticed  indications  of  iron-ore  on  the  south 
bank  of  the  Dan  river.  In  the  Sauratown  mountain  range,  surface- 
indications  of  both  magnetite  and  brown  hematite  have  been  observed, 
though  they  have  never  been  prospected  as  to  exact  location  and 
quantity. 

Discussion. 

Edmund  C.  Pechin,  Roanoke,  Va.  (communication  to  the  Secre- 
tary) :  Mr.  Nitze's  paper  is  interesting,  and  in  one  sense  of  the  word, 
valuable,  inasmuch  as  it  calls  attention  to  a  comparatively  new  dis- 
trict, about  which  we  know  little  or  nothing.  Its  drawback  is  that 
it  is  cursory  and  of  little  practical  value  as  giving  definite  informa- 
tion ;  but  this  the  author  frankly  admits. 

It  is  to  be  regretted  that  he  could  not  have  had  the  opportunity 
of  more  fully  and  exhaustively  examining  the  section  in  question,  so 
88  to  make  a  full  and  satisfactory  report  concerning  it,  like  that 
which  he  has  made  on  the  Pittsville  workings  in  Franklin  county, 
Virginia. 

My  purpose  in  commenting  on  this  paper  at  all,  is  to  call  attention 
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to  the  grave  possibility  of  serious  defects  in  the  quality  of  these 
magnetic  ores,  and  the  still  gravfr  possibility  of  deficient  quantity. 
I  must  be  permitted  to  call  attention  to  one  important  fact  which  is 
constantly  coming  under  my  notice,  the  neglect  of  the  prospector  to 
secure  average  aamplea  for  analysis.  There  are  thousands  of  pub- 
lished analyses  of  Southern  ores  which  are  wholly  misleading,  be- 
cause they  represent,  not  the  average  composition  of  an  extensive  de- 
posit, but  that  of  exceptional  and,  very  frequently,  meager  portions. 
I  am  forced  to  this  conclusion  as  regards  Mr.  Nitze's  samples,  from 
the  fact  that  he  gives  returns  from  ores  taken  from  a  working  which 
has  been  under  my  own  careful  personal  supervision,  and  subject  to 
very  cautious  consideration  and  sampling,  and  which  gave  results 
widely  differing  from  his.  On  the  property  described  by  him  in 
the  Rocky  Mount  Section  as  having  been  worked  in  the  past  by  the 
Pennsylvania  Steel  Company,  there  are  two  distinct  parallel  deposits 
or  zones  of  magnetic  ore,  about  three  hundred  feet  apart ;  one  run- 
ning with  the  crest,  and  the  other  at  the  foot  of  the  hill.  The  shafts 
on  the  upper  one  are  all  above  water-level ;  on  the  latter,  all  below 
water-level. 

Last  summer  several  of  these  old  shafts  were  unwatered  and  sunk 
deeper,  two  on  the  upper  and  one  on  the  lower  vein.  Both  veins 
pinched  and  bulged,  and  at  the  surface  were  from  6  to  7  feet  wide. 
The  upper  one,  dipping  at  the  surface  from  60°  to  80°,  suddenly 
flattened  at  the  depth  of  45  feet  to  a  very  slight  dip.  The  iron-ore 
was  badly  mixed  throughout  with  hornblende,  and  was  so  unsatis- 
factory on  a  fair  sampling  and  so  hard  and  expensive  to  mine,  that 
these  workings  were  abandoned.  I  very  carefully  sampled  the  stock- 
piles and  the  bottoms  of  the  shafts,  to  ascertain  the  value  of  the  pre 
which  would  have  to  be  mined  and  shipped,  in  regular  working, 
and  the  following  was  the  result: 

Upper  Veiru 

No.  1  Shaft.        No.  2  Sh&ft. 
Per  cent.  Per  cent. 

Metallic  Iron,     .......    44.40  39.06 

Silica, 20.94  25.44 

Manganese, 04  .06 

Phosphorus, 213  .246 

Sulphur,     . 3.20  4.06 

Attention  was  then  turned  to  a  shaft  on  the  lower  vein,  which  was 
unwatered  and  deepened.  In  this  vein  the  ore  was  better  as  to  iron 
and  silica,  and  had  a  thickness  of  about  5  to  6  feet,  separated  by  2^ 
feet  of  hornblende.     This  hornblende  proved  to  be  a  wedge,  gradu- 
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ally  thinniDg  in  depth,  until  the  two  bands  of  ore  came  together,  but 
at  this  junction  the  ore  began  to  thin  also,  and  at  75  feet  entirely 
pinched  Qut,  the  foot  and  hanging-walls  coming  t(^ether.  No  de- 
cided attempt  was  made  to  sink  deeper,  as  the  character  of  the  ore 
did  not  warrant  a  further  expenditure  of  money.  A  particularly 
careful  sampling  was  made  at  this  shaft.  Unquestionably  the  ore 
nearer  the  foot-wall  was  richer  and  freer  from  rock,  but  the  high 
percentage  of  sulphur  discouraged  any  more  prospecting.  In  the 
analyses  from  this  and  other  properties  made  by  Mr.  Corse,  and 
published  in  Mr.  Nitze's  paper,  it  is  evident  that  the  chemist  was 
not  instructed  to  determine  sulphur,  which,  however,  the  analysis 
credited  on  page  176  to  the  Virginia  Steel  Company  as  an  average  of 
five  samples,  shows  to  be  present. 

The  result  of  our  sample-analysis  on  the  lower  vein  was  as  follows: 

JVb.  1  Shafts  Lower  Vein, 

Next  to  Hanging-      Next  to  Foot-     Stock-Pile, 
wall.  wall.  I 

Per  cent.  Per  cent  Per  cent 

Metallic  iron 49.08  61.60  49.50 

Silica, 15.79  14.30  16.29 

Manganese,  .        ,        .        «        .        .08  .08  .08 

Phoephoras, 200  .172  .184 

Sulphur,       .....      4.85  3.81  4.83 

As  a  matter  of  curiosity,  I  took  a  sample  of  the  hornblende  rock 
dividing  the  ore  in  this  shaft.  To  one  unfamiliar  with  mining, 
when  broken  down  it  looked  like  the  ore.  It  was  found  to  contain, 
on  analysis  by  Mr.  Walter  Graham,  the  following : 

Per  cent 

Metallic  iron, «    19.92 

Silica, 39.04 

Manganese, 06 

Phosphorus, 067 

Sulphur,   .    • '        .90 

If  this  hornblende  had  kindly  insisted  upon  appropriating  the 
phosphorus  and  sulphur  distributed  through  the  ore,  we  should  have 
been  glad  to  have  it  continue  indefinitely  (that  is,  if  the  ore  had 
continued  also),  even  if  it  had  added  somewhat  to  the  cost  of  mining. 

After  this  positive  experience  one  is  compelled  to  look  with  dis- 
trust, not  only  upon  this  particular  zone  as  it  continues  southwest- 
wardly,  but  upon  the  other  exposures  reported. 

The  pit8  and  o|)enings  scattered  throughout  the  country,  which 
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served  as  the  sources  of  supply  for  the  old  charcoal-furnacefi,  amount 
to  nothing  as  evidence.  Nearly  twenty  years  ago  a  charooal-iron- 
maker  from  Patrick  county,  Ya.,  gave  me  a  sample  of  4  superb, 
high-grade  magnetic  ore,  which  he  said  he  was  using,  but  there  was 
nothing  to  indicate  that  he  had  at  any  one  point  upon  his  large 
estates  a  large  workable  deposit  of  it,  except  the  fact  that  he  secured 
his  limited  supplies  from  surface  ^'  float"  and  shallow  openings. 

There  is  only  one  way  to  test  these  deposits,  viz.,  by  the  diamond- 
drill.  If  the  veins,  even  though  narrow,  can  be  found  in  depth,  and 
the  ores  are  of  the  quality  as  represented,  they  will  prove  of  large 
value  to  the  owners  and  of  inestimable  benefit  to  the  whole  district, 
either  for  working  by  themselves  or  aa  admixtures.  But  we  want 
average^  not  exceptional  samples. 
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NEAR  NORWAY,  MICH, 

BY  WILLIAM  KELLY,  VULCAN,  MICH.    * 

» 

(Cleveland  Meeting,  June,  1891.) 

An  extensive  swamp  covers  a  large  part  of  the  town-site  of  Nor- 
way and  adjacent  land.  Through  this  swamp  run  two  parallel  ore- 
formations.  In  the  north  one  is  the  Aragon  mine.  The  south  one 
passes  into  the  swamp  on  the  Harrison  property.  On  the  edge  of 
the  swamp,  about  1000  feet  from  the  Aragon  mine,  a  diamond  drill, 
in  the  fall  of  1889,  located  the  ore- bearing  formation  and  a  probable 
ore-body.  To  explore  further  and  develop  this  ore,  the  Penn  Iron 
Mining  Company  proposed,  in  the  spring  of  1890,  to  sink  a  shaft. 

The  drill  had  shown  the  depth  of  the  glacial  drift  to  be  more  than 
60  feet.  A  test-pit  near  the  location  of  the  proposed  shaft  had 
struck,  at  a  depth  of  20  feet,  an  amount  of  water  which  a  200- 
gallon  pump  was  unable  to  lower.  At  the  Aragon,  a  few  years 
before,  a  shaft  had  been  sunk  to  hard  pan  with  great  difficulty  and 
many  delays  by  the  usual  method  of  driving  laths. 

Under  the  conditions  it  was  decided  to  sink  a  caisson-  or  drop- 
shaft.  Two  40-horse-power  boilers,  a  Lidgerwood  engine  with  4- 
foot  drum,  and  a  good  derrick  were  set  up ;  and  two  Ko.  10  Knowles 
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pumpSy  rated  at  400  gallons  a  minute,  were  brought  on  the  ground. 
The  pumps  had  been  purchased  for  another  purpose,  and,  being  brass- 
lined,  were  not  well  suited  for  the  work  intended,  but  they  were 
available. 

The  dimensions  adopted  for  the  top  of  the  shafl  were  6  feet  by  13 
feet  inside.  To  give  sufficient  space  for  pumps  and  working,  and 
to  aid  the  shaft  to  settle,  it  was  made  4  feet  larger  each  way  at  the 
bottom.  The  shaft  was  divided,  to  within  12  feet  of  the  bottom, 
into  three  compartments,  the  middle  one  uniformly  4  feet  wide. 
This  compartment  was  used  for  hoisting,  a  ladder-way  and  pipes. 
The  pumps  were  placed  one  in  each  end-compartment.  Above  the 
pumps  the  end-compartments  were  planked  up  to  be  filled  with  sand 
to  increase  the  weight.  A  ventilation-box  was  put  in  one  corner. 
The  bottom  of  the  shafl  was  left  unobstructed  for  working-purposes, 
and  sufficiently  high  to  allow  two  additional  pumps  to  be  put  in 
under  the  first.  (See  Fig.  1.) 

The  bottom-pieces,  made  of  oak  and  constituting  what  is  called 
the  shoe  (see  A,  A,  Fig.  4),  were  16  inches  square,  but  the  bottom 
inside  was  beveled  off  to  6  inches.  Above  the  shoe,  white-pine 
timbers  (B,  B),  12  inches  square,  framed  in  sets,  were  laid  close 
and  bolted  together  and  to  the  shoe  with  eight  5-foot  bolts.  The 
successive  sets  were  reduced  1  inch  in  length  and  width,  until  at  48 
feet  above  the  bottom  their  dimensions  corresponded  with  the  top. 
Corner-posts,  12  inches  square,  of  unequal  lengths  so  as  to  break 
joints,  were  bolted  to  every  other  side-piece  and  end-piece.  The 
bolts,  being  put  in  from  the  inside  and  having  the  nuts  countersunk, 
were  easily  unscrewed  and  recovered  when  the  corner-posts  were 
removed.  Like  the  comer-posts,  side-posts  (D,  D)  were  put  in,  one 
at  each  corner  of  the  middle  compartment.  Twelve-inch  dividers  (E) 
were  used  every  5  feet. 

After  the  ground  had  been  leveled  the  timbers  were  built  up  and 
bolted  as  far  as  the  derrick  and  bucket  would  permit,  nearly  30  feet. 
The  seams  were  then  carefully  caulked  outside,  and  3-incb  planks 
(C)  in  unequal  lengths  were  spiked  on,  to  protect  the  caulking  and 
timbers  and  to  strengthen  the  shaft.  A  shaft  of  this  character  is 
liable  to  be  pulled  apart  if  not  very  strong. 

Steam-hose  was  used  at  first  to  connect  the  pipe  on  the  ground, 
coming  from  the  boilers,  with  the  pipes  in  the  shaft.  But  after- 
wards lengths  of  pipe  with  double  elbows  were  substituted.  Two 
lines  of  steam-pipe  from  the  ground  to  the  pumps  were  necessary,  in 
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order  that  one  could  be  used  while  the  other  was  being  altered  in 
building  the  shaft  up. 

The  shaft  erected,  the  pumps  in  place  and  everything  ready,  ground 
inside  the  shaft  was  broken  Monday  morning,  June  2,  1890.  As 
the  top  was  dry,  the  buckets  came  up  fast,  and  by  next  morning  the 
shaft  had  gone  down  6  feet.  On  Friday,  the  fifth  day,  at  15  feet, 
the  pumps  had  to  be  started.  The  first  week's  work  resulted  in  18 
feet  sunk.  During  the  first  three  days  of  the  second  week  9  feet 
more  were  sunk.  It  was  now  evident  that  both  our  pumps  had 
to  run  fast  to  keep  the  water  out,  and  if  one  should  break  down 
or  the  water  should  increase,  we  would  be  drowned  out.  Therefore, 
before  sinking  the  pumps  below  the  water-level,  we  stopped  to  get 
more  power. 

Two  portable  boilers,  of  35  and  100  horse-power  respectively,  were 
bought,  delivered  and  connected,  and  two  No.  10  Cameron  pumps 
without  air-chambers  were  placed  4  feet  under  the  Knowles  pumps. 
During  the  stop  the  shaft  was  built  up  again  as  high  as  possible. 
We  lost  thus  16  working  days,  but  started  afresh  Monday,  June 
30th,  with  doubled  power.  During  the  next  three  days  we  sunk  7 
feet.  Then  the  Knowles  pumps  gave  out.  Eight  days  of  sand  aud 
gravel  had  completely  worn  out  the  brass  linings.  It  was  necessary 
to  take  out  the  linings  and  put  in  larger  pistons,  which  repairs  con- 
sumed 2  days. 

On  Saturday,  July  5th^  we  started  again,  and  to  the  end  of  the 
following  week  we  sank  16  feet  in  7  working-days,  during  which 
time  everything  went  well.  The  pumps  were  kept  busy ;  three 
running  constantly,  and  the  Knowles  pumps  often  making  160 
strokes  a  minute.  The  quantity  of  water  was  estimated  at  1500 
gallons  a  minute.  During  the  week  the  sand-boxes  were  filled  to 
keep  the  shaft  down  to  the  bottom  of  the  excavation.  The  sand  and 
gravel  came  in  under  the  shoe,  and  the  surface  about  the  shaft 
settled  into  a  large  pit  which  continually  grew  larger. 

July  12th,  the  shaft  was  down  60  feet,  and  it  became  neces- 
sary again  to  build  it  higher.  This  took  3  days.  A  drill  in 
the  bottom  gave  us  some  encouragement,  as  at  10  feet  it  struck  some- 
thing hard.  During  the  next  3  days  we  sunk  7  feet  and  found  hard 
pan  in  a  corner  of  the  shaft.  At  this  point  the  shaft  did  not  settle 
regularly.  Sometimes  it  would  hang,  and  then  it  would  drop  with  a 
great  inrush  of  sand  and  water,  even  when  the  ground  was  out  a  foot  or 
more  from  under  the  shoe.  To  increase  still  further  the  weight  of 
the  shaft,  30  tons  of  rails  were  laid  on  the  top ;  and  props  had  to  be 
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placed  against  the  shaft  at  different  times  to  keep  it  straight.     It 
took  18  days  to  go  through  the  14  feet  of  hard  pan ;  but  parts  of 
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HARRISON    SHAFT 


two  days  were  spent  in  weighting  the  shaft  and  one  day  with  an 
accident  which  bade  fair  to  stop  proceedings  summarily. 
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Some  difficulty  with  the  water-supply  of  the  boilers  cut  dowu  the 
steam-pressure  so  low  as  to  stop  the  pumps,  and  before  steam  was 
raised  agaiu  they  were  completely  drowned  and  could  not  be  reached. 
An  anxious  quarter  of  an  hour  was  passed  before  first  one,  then 
another  and  then  a  third  pump  started  of  their  own  accord  under 
water. 

The  ledge  was  struck  August  Tth^  and  two  days  later  the  slates 
were  exposed  all  across  the  shaft.  Four  days  more  were  spent  get- 
ting the  shafl  down  2  feet  further  into  solid  rock^ 

The  time  spent  in  sinking  may  be  summarized  as  follows: 
4  days  sinking  15  feet  above  water-level ; 

17  days  sinking  42  feet  through  wet  gravel  and  quicksand  ; 

16  days  sinking  14  feet  through  hard  pan  ; 
4  days  sinking    2  feet  in  slates;  making  a  total  of 

41  days  sinking  73  feet.     To  this  must  be  added 
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6  days  required  to  build  up  the  shaft  and 
2  days  weighting  shaft  with  rails,  making  a  total  of 
49  days,  or  one  day  over  eight  weeks  actual  working  time.     In 

addition  to  this  we  lost 
12  days  in  increasing  our  power  and 
2  in  repairing  pumps,  making  the  time  consumed 
63  days^  or  ten  and  a  half  weeks. 

We  now,  August  14th,  had  the  shaft  down  firmly  in  the  ledge; 
but  the  most  delicate  part  of  the  operation  was  still  to  come,  namely, 
stopping  the  flow  of  water.  Before  that  could  be  done,  however, 
many  things  were  necessary. 

The  rails  had  to  be  removed  from  the  top  and  the  sand  from  the 
boxes,  the  pipes  changed  and  theshaft  built  up  to  the  surface.  There 
was  now  a  sink-hole  about  the  bhaft,  65  feet  in  diameter  and  20  feet 
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deep,  and  the  top  of  the  shaft  was  about  6  feet  below  the  original 
sarfaoe-level.  The  shaft  was  but  little  out  of  plumb,  the  top  set 
having  to  be  raised  2  inches  at  one  end  to  level  it.  The  corner- 
posts  were  taken  out,  the  bolt-holes  plugged  and  the  shaft  caulked 
on  the  inside.     This  work  took  8  days. 

The  next  14  days  were  spent  in  sinking  11  feet  further  into  the 
ledge.  It  was  unsafe  to  make  heavy  blasts,  and  the  pumps,  after 
their  severe  strain  with  lengthened  suctions,  were  barely  equal  to 
their  task.  The  bulk  of  the  water  from  under  the  shoe  was 
gathered  together  by  troughs  of  boards  and  clay,  but  still  water  was 
falling  everywhere. 

The  work  of  sealing  up  the  bottom  of  the  drop-shaft  was  now 
undertaken.  A  set,  6  feet  by  13  feet  inside,  of  12-inch  square  timber, 
was  carefully  placed  in  line  with  the  top  set  of  the  shaft,  about  6^ 

Fig.  3. 
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feet  below  the  shoe.  This  was  thoroughly  blocked  against  the  rock 
all  around  with  wedges.  Six  sets  (F,  F)  of  the  same  size  were  placed 
on  top  of  the  first  and  each  bolted  to  the  next.  Behind  the  sets  as 
they  were  built  up,  was  put  a  thin  layer  of  clay  over  the  wedges  and 
then  concrete  of  equal  parts  of  sand  and  Hilton  cement.  The  middle 
of  the  top  set  (G)  was  about  opposite  the  bottom  of  the  shoe.  Through 
this  set,  twenty  2-inch  holes  had  been  bored.  Behind  the  holes  a 
layer  of  gravel  and  broken  stone,  4  inches  deep,  was  laid,  leaving  a 
free  passage  for  the  water.  Upon  this  perforated  set  were  put  three 
other  sets  (H,  H)  of  increasing  inside  dimensions,  so  that  the  top  set 
was  against  and  bolted  to  the  drop-shaft.  The  space  behind  these 
sets  was  filled  with  concrete  as  before.  This  timbering  and  cement- 
ing in  such  a  flood  of  water  was  a  tedious  process  and  took  18  days. 
VOL.  XX.— 13 
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It  was  all  done,  and  we  were  ready  to  plug  up  the  holes,  when 
the  pumps  failed.  One  had  been  removed  to  make  room  for  lower- 
ing the  timbers.  The  piston-rod  of  another  broke  and  a  third  would 
not  draw.  In  a  few  minutes  the  pumps  were  flooded  and  the 
water  gradually  rose  to  its  old  level.  Then  followed  ten  days  in  re- 
covering the  shaft  by  means  of  other  pumps.  The  perforated  set 
oould  not  be  cleared  of  water,  as  the  broken  pump  was  the  lowest 
and  the  others  could  not  be  got  down  low  enough.  The  first  few 
holes  were  plugged  without  difficulty  under  two  feet  of  water,  but 
the  last  one  defied  us  for  some  hours  until  we  used  a  long  plug 
reaching  across  the  shaft. 

The  result  was  entirely  satisfactory.  The  water  at  once  fell  to 
about  200  gallons  a  minute.  After  the  pumps  and  side-posts  had 
been  removed  and  the  interior  had  been  thoroughly  caulked,  the 
water  was  decreased  to  about  90  gallons.  Afler  the  shaft  had  been 
sunk  further  and  bearers  put  in,  a  small  station  was  cut  at  one  end 
and  the  water  was  gathered  to  a  No.  8  Cameron  pump.  Below  this 
the  shaft  was  sunk  with  a  No.  4  Cameron  which  now  works  about 
an  hour  and  a  half  a  day. 

The  time  taken  for  sealing  up  the  bottom  may  be  summarized  as 
follows : 

8  days  to  alter  shaft  after  it  rested  ; 

14  days  to  sink  11  feet  in  slates ; 

18  days  to  timber  and  cement; 

16  days  to  remove  pumps,  caulk  and  arrange  shaft  for  regular 
sinking,  making  a  total  of 

66  days.     To  this  we  must  add 

10  days  lost  by  failure  of  pumps,  making  a  total  of 

66  days  or  eleven  weeks. 

This  makes  the  total  of  both  periods  of  the  work  129  days  or  5 
months.  At  the  end  of  this  time,  November  1st,  the  shaft  was  84 
feet  deep  and  in  shape  for  sinking  in  the  regular  way. 
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THE  FIRST  IRON  BLASTFURNACES  IN  AMERICA. 

BT  W.  H.  ADAMS,  M.  £.,  NEW  YORK  CIT7. 
(Cleveland  Meeting,  June,  1891.) 

Shortly  after  becoming  one  of  the  van-guard  of  mine-devel- 
opers in  the  State  of  Virginia,  during  the  year  1883,  I  called  the 
attention  of  the  Institute  to  certain  deposits  of  pyrites,  which  have 
been  largely  worked  since. 

In  all  cases  these  deposits  are  covered  with  iron-ore  (limonite), 
extending  40,  50  or  60  feet  from  surface  to  water-level. 

The  several  classes  of  brown  iron-ores  are  found  almost  continu- 
ously along  a  prominent  ridge  of  mineral-bearing  slates,  which  can 
be  traced  from  the  James  river  northeasterly  to  the  North  Anna, 
the  Rappahannock  and  the  Potomac  rivers,  crossing  the  counties  of 
Louisa,  Spottsylvania  and  Stafford.  Outcrops  are  plainly  discover- 
able from  end  to  end  of  this  belt,  also,  in  places,  to  the  right  and 
left  of  it,  and  at  intervals  there  are  evidences  of  workings,  some  of 
them  for  known  purposes  and  others  of  unknown  age  and  meaning. 

These  old  workings  have  an  interest  aside  from  the  minerals  they 
may  contain  or  may  have  yielded.  I  have  been  engaged  during  the 
past  five  years  in  the  collection  of  facts  concerning  them,  which 
might  determine  definitely  the  site  of  those  iron-furnaces,  placed  by 
tradition  within  reach  of  "  the  towne  called  Germanna/'  which  were 
the  first  ever  built  in  this  State  or  on  this  continent. 

The  events  which  led  to  the  establishment  of  this  important 
industry  are  sufficiently  narrated  in  a  paper  written  by  Mr.  R.  A. 
Brock,  Secretary  of  the  Virginia  Historical  Society,  and  printed  in 
the  Proceedings  of  the  National  Museum^  1885,  page  77,  from  which 
I  quote  the  following : 

"To  Virginia,  the  first  of  the  English  settlements  in  America,  belongs  the  honor 
of  inangnrating  within  her  limits,  as  a  colony,  that  most  important  industry,  iron 
manufacture. 

'*The  London  Company  contemplated  a  variety  of  manufacturing  enterprises 
from  the  very  beginning  of  its  authority ;  prominent  among  them  was  that  of  iron. 
In  1610  Sir  Thomas  Gates  testified  before  the  council  of  the  Company  at  London, 
that  in  Virginia  'there  were  divers  minerals,  especially  iron-oare,'  lying  upon  the 


THE   FIB8T  IRON  BLAST-FURNACES  IN  AMERICA.  197 

sarface  of  the  ground,  some  of  which,  having  been  sent  home,  had  been  found  to 
yield  as  good  iron  as  anj  in  Europe. 

"  Under  a  new  administration  of  its  affairs,  the  London  Company,  in  1619,  after 
twelve  years  of  nnprofitable  expenditure,  sent  to  Virginia  a  large  body  of  emi- 
grants, including  workmen,  and  materials  for  some  new  branches  of  industry. 
These  embraced  no  leas  than  100  persons  skilled  in  the  manufacture  of  iron,  with 
the  design  of  erecting  in  the  colony  three  iron- works. 

'*Of  these,  110  were  from  Warwickshire  and  (Stafford,  and  40  from  Sussex,  and 
were  selected  for  their  skill  and  industry.  A  part  of  the  funds  liberally  contributed 
in  England  about  this  period,  for  a  College  at  Henrico,  for  the  education  of  native 
and  colonial  youth,  was  appropriated  by  the  Treasurer,  Sir  Edwin  Sandys,  to  the 
erection  of  iron-works,  in  the  expectation  of  deriving  a  revenue  from  that  source. 
Works  for  smelting  the  ore  were  erected  in  1619  on  Falling  Creek,  a  tributary  of 
James  river,  in  Chesterfield  county,  about  7  miles  below  the  city  of  Manchester. 
Most  sanguine  hopes  of  profits  were  cherished. 

"  Three  of  the  master-workmen  having  died,  a  reinforcement  of  20  experienced 
hands  was  sent  over  in  1621,  accompanied  by  Mr.  John  Berkeley  and  his  son, 
Maurice,  as  skillful  persons  to  superintend  the  operations.  A  mine  of  the  brown 
iron-ore  in  the  neighborhood  was  opened  and  found  to  yield  a '  reasonably  good  iron.' 

*'  But  the  jealousy  and  enmity  of  the  native  inhabitants  had  unfortunately  been 
aroused.  In  an  hour  of  fancied  security,  when  all  suspicions  of  hostility  had  been 
lulled  by  the  friendly  protestations  of  the  Indians,  on  the  morning  of  Friday,  March 
22,  1622,  a  general  attack  was  made  by  the  savages  upon  the  settlements  of  the  col- 
ony, and  347  persons  slain.  Of  those  engaged  at  the  iron -works  at  Falling  Creek, 
all  perished  save  a  boy  and  girl,  who  fled  to  the  bushes  for  safety. 

^The  iron-works  being  demolished,  so  great  was  the  discouragement  that  a  long 
period  elapsed  before  the  useful  manufacture  was  again  attempted  in  Virginia.  A 
writer  from  the  colony,  in  1649,  published  that  an  *  iron-work  erected  would  be  as 
good  as  a  silver  mine.'  The  exportation  of  iron  from  the  colony  was  forbidden  by 
an  Act  of  the  Assembly  in  1662,  on  penalty  of  10  pounds  of  tobacco  for  every 
pound  of  iron  exported  ;  and  the  prohibition  was  renewed  in  1682. 

'^  Colonel  William  Byrd,  the  first  of  the  name  and  family  in  Virginia,  obtained, 
April  20, 1687,  a  grant  of  1800  acres  of  land  in  Henrico  county,  on  the  south  side 
of  James  river,  within  the  limits  of  which  was  included  the  site  of  the  fated  iron- 
works on  Falling  Creek. 

^On  the  29th  of  October,  1696,  he  obtained  a  patent  for  5644  acres  lying  con- 
tiguous thereto,  giving  as  a  reason  for  such  action  that  '  there  having  been  iron- 
works  on  Falling  Creek  in  the  time  of  the  Company,  and  Colonel  Byrd  having  an 
intention  to  carry  them  on,  and  foreseeing  that  an  abundance  of  wood  might  be 
necessary  for  so  great  a  work,  he  took  up  a  large  tract,'  etc. 

''He  died  on  the  4th  day  of  December,  1704,  and  it  is  not  known  that  either  he 
or  his  son  and  heir,  of  the  same  name  and  title,  ever  instituted  any  further  steps 
toward  the  revival  of  the  works  at  Falling  Creek.*' 

It  will  be  understood  that  the  iron-works  noted  above  employed, 
the  modified  "  Catalan  forge,"  types  of  which  are  yet  to  be  found  in 
this  country.* 

*  Dr.  T.  Sterry  Hunt  objects  to  the  term  "  Catalan  forge,"  insisting  that  we  have 
in  this  country  only  types  or  modifications  of  the  old  '*  bloomery  process,"  brought 
from  Germany. 
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This  much  of  the  earlier  history  of  iron-making  in  Virginia 
makes  us  wish  that  sufficient  records  had  been  preserved  to  enable 
us  to  construct  a  consecutive  narrative  of  all  the  operations  of  the 
colonists.  It  is  certainly  reasonable  to  suppose  that  the  explora- 
tions, made  by  the  several  parties  brought  out  from  England  at 
different  times,  must  have  extended  over  a  wide  area,  and  must  also 
have  resulted  in  discoveries  of  value. 

In  June,  1870,  after  excessive  rains,  the  long  dam  on  the  Jones 
branch  of  the  Chickahominy  river,  in  New  Kent  county,  was  broken, 
with  much  damage  to  the  mill  and  surroundings.  The  force  of  the 
current  washed  out  and  disclosed  the  remains  of  an  early  forge  or 
bloomery,  including  some  of  the  foundation  timbers^  bricks  from  a 
chimney,  an  anvil,  a  hammer  and  six  bars  of  cast-iron,  all  of  which 
(«n  now  be  seen  near  by.  The  cast-iron  bars  and  hammer  bear  no 
date,  but  have  the  letters  "  Deep  Creek  "  cast  on  their  surface.  No 
record  of  such  a  location  or  furnace  can  be  found,  although  "  Deep 
Creek  "  might  have  been  the  home  brand  of  some  furnace  in  the  old 
world.  The  location  where  the  wash-out  di^;Glosed  these  relics  is 
now  known  as  Providence  Forge.  Tradition  credits  the  erection  of 
this  forge  to  Colonel  William  Byrd ;  but  no  date  is  given,  although 
discoveries  of  more  than  passing  value  must  have  been  made  to 
induce  him  to  renew  the  realty-ownership  of  the  Falling  creek 
property  in  the  year  1696,  as  noted  above. 

After  a  long  period  of  silence  as  to  the  actual  doings  of  the  colo- 
nists who  were  brought  over  for  the  special  purpose  of  iron-making, 
history  takes  up  the  thread  again  in  the  year  1714,  at  which  time 
there  was  an  importation  of  Germans,  whose  destiuation  and  slaius 
has  been  the  subject  of  a  great  deal  of  discussion,  owing  to  the  fact 
that,  as  they  were  recTuited  by  Baron  de  Graffenreidt,  and  have  been 
spoken  of  as  Palatines,  some  persons  have  supposed  them  to  belong 
to  the  Srst  colony  of  Palatines,  brought  over  by  him,  which  founded, 
under  a  patent  of  1709,  the  town  in  North  Carolina  called  New 
Berne,  after  Berne  in  Switzerland.  A  considerable  number  of  these 
colonists  were  massacred  by  the  Tuscaroras  in  1711.  But  it  can  be 
proved  beyond  question  that  another  German  colony  landed  at  Rap- 
pahannock in  1714,  coming  direct  from  Oldenburg,  Grermany ;  and, 
gathering  all  the  data  lately  brought  to  light  with  regard  to  the 
doings  of  these  people,  we  find  that  they  were  at  once  taken  to  the 
territory  within  thirty  miles  of  the  present  town  of  Fredericksburg, 
where  extensive  explorations  must  have  been  made  to  justify  the 
large  expenditure  thus  incurred.     What  it  meant  to  locate  a  colony 
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80  far  from  any  base  of  supplies  will  be  appreciated  by  those  who 
have  perused  the  earlier  history  of  the  struggles  and  privations  of 
the  colonists  on  the  James  river. 

We  know  that  somewhere  in  the  region  between  the  falls  of  the 
Rappahannock  river  and  the  site  of  Germanna,  there  had  been  estab- 
lished)  as  early  as  1676^  a  fort  or  outpost  for  protection  against 
Indian  incursions;  and  it  is  re&sonable  to  suppose  that  some 
settlements  were  made  between  that  fort  and  the  river  at  Fredericks- 
burg. Spotswood  became  Grovernor  in  1710,  and  shortly  after 
accomplished  the  memorable  passage  of  the  Blue  Ridge,  previously 
deemed  impassable  for  the  whites.  No  doubt,  he  learned  during 
this  trip,  as  his  route  was  by  way  of  the  Rapidan  river,  the 
character  of  the  country  about  Germauna,  its  ores,  soils,  climate, 
roads,  etc.,  and  it  is  also  supposable,  that  among  those  who  accom- 
panied him  on  his  march  to  the  "  vast  mountains,"  there  were  iron- 
masters from  the  James  river  settlements.  The  experience  of  these 
iron-masters  with  the  shallow  deposits  along  the  lower  river,  and 
the  poorer  classes  of  siliceous  ores  about  the  upper  river,  at 
Lynchburg,  etc.,  must  have  inclined  them  favorably  at  once  towards 
the  section  through  which  they  travelled,  as  they  crossed  belt  after 
belt  of  country  showing  signs  of  iron  everywhere,  and  noted  along 
the  Rapidan  the  excellent  deposits  of  drift  iron-ore.  These  latter 
exist  to-day,  the  deposit  at  the  south  crossing  of  Germanna  being  of 
notably  good  quality. 

What  more  natural  than  the  drifting  of  a  mining  community 
towards  the  territory,  which,  upon  superficial  examination,  or, 
perhaps,  after  working  tests  by  small  parties,  appeared  to  be  supplied 
with  ores  so  clean  and  tractable  that  old  forge-processes  were  not 
thought  of,  and  direct  smelting  for  pig-iron  was  determined  upon 
from  the  start  ? 

Governor  Spotswood  enters  into  the  historical  record  at  this  point 
in  a  communication,  under  date  of  1714,  to  "Ye  Lords  Commis- 
sioners of  Trade :  "* 

*'  An  Act  for  exempting  German  Protestants  from  the  payment  of  levies,  is  made 
in  favor  of  several  families  of  that  nation,  who,  upon  the  encouragement  of  the 
Baron  de  Grafienreidt,  came  over  hither  in  hopes  of  finding  out  mines.  They  were 
engaged  principally  in  mining  in  their  native  land,  but  the  Baron's  misfortunes 
obliged  him  to  leave  the  country  before  their  arrival.  They  have  been  settled 
upon  the  frontiers  of  the  Rappahannock,  subsisting  chiefly  at  my  charge  and  on 
the  contributions  of  some  gentlemen  that  have  a  prospect  of  being  reimbursed  by 
their  labors.'' 

*  Spot9wood  LeUerSj  vol.  i.,  page  20. 
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There  is  a  conflict  of  authority  as  to  the  numerical  strength  of  this 
colony,  but  the  Rev.  Philip  Slaughter,  D.D.,  one  of  the  most  patient 
investigators  of  Virginia  history,  cites*  a  memorial  from  the  archives 
of  the  "  English  Society  for  the  Propagation  of  the  Gospel  in  For- 
eign Parts,"  which  places  the  number  of  emigrants  at  thirty-two 
families,  and  gives  the  name  of  the  minister  who  served  them  as 
Henry  Haeger,  a  man  about  seventy-five  years  old. 

Hugh  Jones,  in  his  Present  State  of  Virginia  published  in  Lon- 
don in  1724,  says: 

*' Beyond  Colonel  Spotswood's  Airnacei  above  the  falls  of  the  Rappahannock 
river,  and  within  view  of  the  vast  mountains,  he  has  founded  a  town  called  Ger- 

manna,  from  some  Germans  sent  over  by  Queen  Anne Beyond  this  is  seated 

the  colony  of  Germans  or  Palatines,  with  allowance  of  a  good  quantity  of  rich  land 
who  thrive  very  well  and  live  happily  and  entertain  generously/' 

There  is  a  tradition  that  some  of  the  Germans  were*  massacred  by 
the  Indians  during  the  first  year;  but  this  is  evidently  an  error, 
growing  out  of  the  earlier  troubles.  There  is  no  proof  that  the 
work  was  halted  from  any  cause,  but  on  the  other  hand,  there  are 
evidences  of  the  prosperity  of  the  colony  in  the  records  of  little  diflS- 
culties  engendered  over  land  sales,  such  as  incidentally  exclude  the 
hypothesis  of  more  serious  embarrassments.  In  1716,  Spots  wood 
was  charged  with  transferring  land  in  that  section  to  his  personal 
favorites,  instead  of  to  the  Germans,  as  directed  by  the  Crown.  In 
answer  to  these  accusations,  he  said :  ^*  The  Germans  were  not 
insensible  to  the  kindness  he  bad  shown  them,  and  that,  instead  of 
their  being  his  tenants,  they  might  have  been  his  servants,  in  view 
of  the  passage- money,  150  francs,  they  owed  him.''  The  books  of 
the  Register  of  the  Land  Office  show  that  in  1722  Spotswood 
granted  to  Richard  Hickman  28,000  acres  of  land,  for  a  monetary 
consideration  alone.  In  1732  the  same  land  was  "confirmed  "to 
Spotswood,  the  consideration  expressed  being  a  nominal  sum  of 
money  and  the  importation  into  the  country  of  certain  Germans, 
whose  names  were  given. 

Colonel  Byrd  (second  of  the  name  and  title),  in  his  Progress 
to  the  MineSf  thus  speaks  of  Germanna  : 

*'  This  famous  town  consbts  of  (lolonel  Spotswood's  enchanted  castle  on  one  side 
of  the  street,  and  a  baker's  dozen  of  ruinous  tenements  on  the  other,  where  so  many 
German  families  had  dwelt  some  years  ago,  but  are  now  removed  ten  miles  higher 
....  to  land  of  their  own I  let  him  understand  that  besides  the  pleasure 


*  Hietory  of  St.  George's  Parishj  page  98. 
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of  paying  him  a  visit,  I  came  to  be  instracted  by  so  great  a  master  in  the  mystery 
of  making  of  iron,  wherein  he  had  led  the  way,  and  was  the  Tubal  Cain  of  Vir- 
ginia. He  corrected  me  a  little  there  by  assuring  me  he  was  not  only  the  first  in 
this  country,  but  the  first  in  North  America  who  had  erected  a  regular  furnace. 
That  they  ran  altogether  upon  bloomerys  in  New  England  and  t'ennsylvania,  till 
his  example  had  made  them  attempt  greater  works.  But  in  this  last  colony,  they 
have  so  few  ships  to  carry  their  iron  to  Great  Britain,  that  they  must  be  content  to 
make  it  only  for  their  own  use,  and  must  be  obliged  to  manufacture  it  when  they 
have  done.  That  he  hoped  he  had  done  the  country  very  great  service  by  setting 
so  good  an  example.  That  the  four  furnaces  now  at  work  in  Virginia  circulated  a 
great  sum  of  money  for  provisions  and  all  other  necessaries ....  that  they  are  besides 
a  considerable  advantage  to  Qreat  Britain,  because  it  lessens  the  quantity  of  bar 
iron  imported  from  Spain,  Holland,  Sweden,  Denmark  and  Muscovy,  which  used 
to  be  no  less  than  20,000  tuns  yearly,  though  at  the  same  time  no  sow  iron  is  im- 
ported thither  from  any  country,  but  only  from  the  plantations.  Then  I  inquired  after 
his  own  mines,  and  hoped,  as  he  was  the  first  engaged  in  thb  great  undertaking, 
that  he  had  brought  them  to  the  most  perfection.  He  told  me  he  had  iron  in  seve- 
ral parts  of  his  great  tract  of  land,  but  that  the  mine  he  was  at  work  upon  was 
thirteen  miles  below  Germanna.  That  his  oar,  which  was  very  rich,  he  raised  a 
mile  from  his  furnace,  and  was  obliged  to  cart  the  iron  when  it  was  made,  fiAeen 
miles  to  Massaponux,  a  plantation  he  had  upon  Rappahannock  river.  ....  He 
had  been  building  an  air  furnace  at  Massaponux,  which  he  had  now  brought  to 
perfection,  and  should  be  thereby  able  to  furnish  the  whole  country  with  all  sorts  of 
cast  iron,  as  cheap  and  as  good  as  ever  came  from  England.  Col.  Spot^wood  said 
the  furnace  might  be  built  for  £700,  if  I  went  the  nearest  way  to  do  it,  especially 
since  coming  aAer  so  many,  I  might  correct  their  errors  and  avoid  their  miscar- 
riages. That  freight,  cnstom,  and  other  chaises  in  England,  comes  to  27/  a  tun. 
The  whole  expenses  here,  and  in  England,  may  be  computed  modestly  at  £3  a  tun, 
and  the  rest  that  the  iron  sells  for  will  be  clear  gain,  wl^ich  'tis  to  be  hoped  will  be 
£Z  more.  We  drove  over  a  fine  road  to  the  mines,  13  measured  miles  from  Ger- 
manna, each  mile  marked  dbtinctly  on  the  trees, — all  the  land  hereabouts  seems 
paved  with  iron  oar,  so  that  there  seems  enough  to  feed  a  furnace  for  many  ages.  From 
hence  we  proceeded  to  the  furnace,  which  is  built  of  rough  stone,  having  been  the 
first  of  that  kind  erected  in  the  country.  Here  the  wheel  that  carried  the  bellows 
was  no  more  than  20  feet  diameter ;  but  was  an  overshot  wheel  that  went  with 
little  water.  This  was  necet^sary  here,  because  water  is  something  scarce,  notwith- 
standing 'tis  supplied  by  two  streams,  one  of  which  b  conveyed  1900  feet  through 
wooden  pipes,  and  the  other  60.  The  name  of  the  founder  employed  at  present  b 
one  Godfrey,  of  the  Kingdom  of  Ireland,  whose  wages  are  3/6  per  tun  for  all  the 
iron  he  runs,  and  his  provbions.  Thb  man  told  me  that  the  best  wood  for  coaling 
is  red'Oak.  He  complained  that  the  Colonel  starves  his  works  out  of  whimsical- 
ness  and  frugality,  endeavoring  to  do  everything  with  hb  own  people,  and  at  the 
same  time  taking  them  off  upon  every  vagary  that  comes  into  hb  head." 

This  evidence  proves  that  between  1714  and  1739,  the  year  of 
Governor  Spotswood's  death^  active  work  was  going  on  in  what  was 
then  known  as  Spottsjlvania  county.  "^ 

No  records  have  been  found,  as  yet,  giving  the  details  of  the  work 

*  Orange  county  was  diyided  from  Spottsylvania  county  in  1734. 
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of  this  colony  of  miners  and  furnace  workers,  the  extension  of  opera- 
tions from  time  to  time,  the  amount  of  ore  mined,  or  of  pig-iron 
made  and  sold,  etc. — details  which  would  have  thrown  much  wel- 
come light  upon  the  establishment  of  the  iron-industry  on  this  con- 
tinent. 

I  have  endeavored,  as  a  labor  of  love,  to  make  good  this  defi- 
ciency of  documents  as  far  as  possible,  by  tracing  the  old  mines 
along  the  outcrops  from  end  to  end,  thus  adding,  step  by  step,  to 
the  meager  records  such  facts  as  make  clear  the  reasons  for  oper- 
ations in  this  particular  direction,  and  also  account,  in  a  measure, 
for  the  absence  of  other  data  on  this  subject  of  really  national  im- 
portance. 

The  sketch-map  of  the  country  covered  by  these  investigations 
shows  that  the  deposits  of  iron-ores  opened  by  the  German  Pala- 
tines and  their  successors  extend  from  a  point  north  of  the  Rappa- 
hannock river,  southwest  to  the  present  crossing  of  the  Chesapeake 
and  Ohio  Railway,  at  Mineral  City.  The  wagon-roads  traced  on 
the  early  maps  have  been  of  the  greatest  assistance  to  me.  Many  of 
them,  though  now  obliterated,  overgrown  and  fenced  oflF,  have  been 
found,  nevertheless,  by  careful  search.  Following  these  roads, 
and  within  easy  reach  of  them,  the  openings,  or  iron-pits,  occur, 
mainly  along  the  belt  of  the  brown  ores — ^the  variety  most  extensively 
mined,  the  specular  ore  of  the  western  belt  being  more  difficult  to 
mine  and  transport.  'The  openings  are  never  deeper  than  30  feet, 
but  they  range  from  a  few  feet  to  1200  feet  in  length.  Specific  de- 
scription of  the  localities  will  be  reserved  for  a  paper  which  I  hope 
to  present  after  further  examinations  shall  have  been  completed. 

Following  this  mineral  belt  by  means  of  the  roads  laid  out  by 
Governor  Spotswood,  it  is  proper  that  we  start  from  the  town  made 
memorable  by  him  as  the  center  of  radiating  industries  and  flour- 
ishing communities,  for  the  early  prosperity  of  which  he  deserves 
more  credit  than  the  present  generation  remembers  to  be  his  due. 

German na  is  now  but  a  name,  and  scarcely  even  a  name,  if 
modern  maps  be  taken  as  sole  authority.  Originally  it  was  the 
center  of  a  royal  grant  of  194,000  (now  reduced  to  less  than  1000) 
acres.  Its  well-tilled  fields  lie  snugly  within  the  sheltering  em- 
brace of  the  highlands  on  three  sides,  and  almost  surrounded  by  the 
sparkling  waters  of  the  Rapidan  river. 

The  fort  which  stood  for  so  many  years  the  frontier  bulwark  of 
civilization  in  Northern  Virginia,  protecting  with  its  guns  the  rope- 
ferry  or  the  later  bridge  and  landing,  and  connected  by  an   under- 
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ground  tuDDel  with  the  governor's  mansion,  has  disappeared.    Its 

very  site  must  be  guessed  at  in  the  ploughed  fields  which  have  taken 

,    its  place.    The  ^^  enchanted  castle ''  itself,  a  marvel  of  comfort,  and 


Note. — ^The  old  pits  along  the  outcrops  of  iron*ore,  from  the  Rappahannock  to 
the  James,  are  indicated  on  this  map  by  small  irregular  ovals. 

elegance  to  the  travellers  of  those  days  (whose  enthusiastic  accounts 
of  it  emphasize  also  its  presiding  mistress,  the  charming  wife  of 
the  governor),  was  long  ago  wasted  by  fire  and  decay.     Its  mate- 
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rials,  even,  have  been  scattered.  The  court-house,  so  long;  the 
seat  of  government  of  this  vast  domain,  the  dwellings,  storehouses, 
mills,  and  shops,  are  all  things  of  a  past  time. 

One  object,  famous  in  story  and  song,  can  be  seen  to-day,  as  it 
was  seen  of  old  by  pilgrims  from  far  and  near — the  *'  Fountain 
Spring,'^  flowing  clear,  cold,  and  abundant  from  a  clefl  in  the  green- 
stone, through  a  lining  and  into  a  basin  composed  of  the  clearest 
quartz,  the  purity  of  which  gave  rise  to  the  statement  that  '*  in  his 
extravagance,  the  governor  even  imported  marble  for  his  fountain 
spring.'^  There  are  also  some  interesting  relics,  such  as  a  sideboard, 
table,  clock,  portraits,  etc.,  preserved  from  the  fire  which  destroyed 
the  governor's  household,  and  now  the  property  of  his  direct  de- 
scendant, Alexander  Spotswood,  Esq.,  who  lives  within  a  few  miles 
of  Germanna. 

On  lands  now  belonging  to  Benjamin  Sisson,  Esq.,  several  miles 
higher  up  stream,  there  are  a  few  evidences  of  the  mill  and  dam 
erected  by  the  Palatines.  Moreover,  some  incomplete  records  still 
exist  of  the  business  done  at  the  town  in  the  sale  of  *' fire-backs," 
etc.,  and  there  are  several  of  the  cast-iron  articles  which  came  from 
the  foundries,  or  air-furnaces,  in  the  region ;  but  nearly  all  of  the 
best  work  done  by  these  Germans  must  have  been  lost  or  destroyed 
in  the  changes  of  the  century  since  the  Revolution,  or  is  at  present 
in  the  hands  of  collectors. 

The  immediate  neighborhood  was  the  rendezvous  for  Indian  tribes, 
as,  in  addition  to  the  minerals  and  earths  obtainable  here  for  their 
utensils,  weapons,  and  paints,  there  was  the  bestof  fishing  at  all  sea- 
sons, and  the  locality  was  specially  favorable  for  the  curing  of  fish 
and  game.  This  may  have  had  something  to  do  with  the  location 
hereof  a  trading-post  in  1670,  and  a  fortified  station  for  military 
operations  in  1676,  and  the  actual  settlement  of  the  town-site  by 
Governor  Spotswood,  in  1712-14,  in  a  position  midway  between  the 
two  well-known  agricultural  and  mineral  sections  of  this  newly- 
opened  territory. 

It  was  not  difficult  to  fix  the  localities  of  the  furnaces  which  Col. 
Byrd  describes,  with  more  or  less  detail,  as  already  in  operation. 
These  points,  as  shown  oti  the  sketch-map,  I  have  verified  at  dif- 
ferent times,  by  following  the  routes  given  by  Col.  Byrd,  and 
examining  the  outcrops  of  the  mineral  belt.  That  the  furnace-sites 
were  evidently  chosen  with  deliberation  and  with  knowledge  of  all 
requirements,  must  be  conceded  after  an  examination  of  all  the  cir- 
cumstances; and  it  is  certainlv  remarkable  that  historical  landmarks 
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established  with  so  much  intelligence  should  have  been  so  easily  for- 
gotten as  to  make  their  past  existence^  even,  matter  of  doubt  or 
denial. 

From  all  the  data  and  from  close  study  of  the  materials  in  place, 
I  believe  the  furnaces  were  erected  in  the  following  order:  the 
Rappahannock  furnace;  the  Fredericksville  furnace;  the  Washing- 
ton-England furnace.  In  none  of  the  records  are  more  than  three 
blast-furnaces  mentioned ;  and  there  is  no  location  on  the  mineral- 
belt  which  could  have  supported  other  furnaces,  during  the  working 
period  here  under  consideration.  It  is  true  that  Grov.  Spcptswood 
sometimes  speaks  of  four  furnaces ;  but  all  the  facts  go  to  prove 
that  he  was  interested  in  only  the  first  and  second  named  above,  and 
in  one  ^^  air-furnace,"  located  at  the  outlet  of  the  Massaponax  river, 
on  a  neck  of  land  now  owned  by  Dr.  Morton.  This  Massaponax 
furnace  was  built  by  the  master- work  man  who  came  from  England 
expressly  to  erect  the  blddt-furnace  at  Fredericksville,  and  is  known 
to  have  been  a  reverberatory  melting-furnace  of  the  long-hearth 
type  so  common  in  Europe  at  that  period;  the  capacity  being  about 
four  tons  daily  output  of  cast-iron.  In  later  records,  mention  is 
made  of  another  air-furnace,  which  was  counted  as  belonging  to  this 
section  of  the  country,  although,  being  located  on  the  Maryland 
side  of  the  Potomac,  it  was  out  of  the  colony  of  Virginia. 

The  Rappahannock  furnace  was  erected,  without  doubt,  on  the 
arrival  of  the  Palatines  at  Germauna.  Its  location,  in  proximity  to 
the  ore-beds,  will  be  clearly  understood  by  reference  to  the  accom- 
panying sketch-map,  which  shows  also  its  position  relative  to  Grer- 
manna,  as  Grov.  Spotswood's  main  headquarters,  and  to  the  air- 
furnace  at  Massaponax.  This  Rappahannock  furnace  stood  close  to 
the  fords  of  the  river,  and  on  the  almost  precipitous  banks  of  a 
small  stream  which  was  relied  on  for  the  necessary  power.  Consid- 
erable grading  was  done  to  provide  for  the  operation  of  the  furnace, 
the  storage  of  charcoal,  limestone,  ores,  etc.  Protected  by  its  isolated 
position,  the  structures  remained  in  an  excellent  state  of  preservation. 
The  furnace  is  almost  intact,  its  cleanly  cut  stone-work  and  auxiliary 
walls,  race  and  chambers  being  about  as  they  were  left  by  the  last 
workmen,  160  years  ago.  A  giant  black- walnut  tree  is  "growing 
from  the  mouth  of  the  furnace,  binding  with  its  roots  the  heavy 
walls  in  place,  and  closing  every  aperture  against  the  ravages  of 
time.  The  slag-piles,  fluxes,  coal  and  considerable  amounts  of  pig 
iron,  found  in  odd  shapes  in  the  cinder-beds  and  the  bed  of  the 
brook;  the  dam  of  generous  extent  but  faulty  construction;  the 
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race-way,  tail-race,  etc.,  are  interesting  mute  evidences  of  this  early 
enterprise. 

The  ore-banks,  close  at  hand,  are  extensive  and  might  well  excite 
the  remarks  of  Col.  Byrd,  quoted  above. 

Only  the  mines  nearest  this  furnace  were  used.  There  are  old 
banks  about  the  Catherine  furnace,  in  that  region;  but  these  have 
been  opened  since  1830,  to  supply  that  particular  plant. 

The  second  furnace  was  located,  as  will  be  seen  on  the  map,  in  an 
isolated  position,  off  the  main  lines  of  travel,  about  thirty  miles 
from  Ffedericksburg,  ten  miles  from  the  present  Mineral  City,  one- 
half  mile  from  the  North  Anna  River,  and  about  twenty  miles  due 
south  of  Germanna.  The  exact  site  is  just  off  the  main  county- 
road  from  Fredericksburg  to  Mineral  City.  It  has  been  very 
interesting  to  discover  the  reasons  for  the  choice  of  such  a  place,  so 
far  from  Germanna,  and  attended  with  such  drawbacks  as  the  high 
cost  of  transportation  for  building  materials  and  for  pig-iron  (mar- 
keted, perhaps,  hundreds  of  miles  away),  and  the  peril  to  the  lives 
of  the  workmen  at  this  exposed  outi>ost.  But  an  examination  of 
the  whole  mineral-belt  shows  that  no  other  site  on  the  lower  end  of 
it  would  have  been  equally  suitable.  Geographically,  it  is  about 
in  the  center  of  the  belt,  as  then  already  well-known,  near  the  North 
Anna  river  (which  at  that  date  must  have  been  a  stream  of  consid- 
erable importance),  and  in  close  proximity  to  the  best  of  brown  iron- 
ores,  which  are  scattered  throughout  the  primitive  rocks  of  the 
region.  Alongside  this  outcrop  of  pure  ores,  there  lies  a  wide 
belt  of  garnetiferous,  micaceous  and  talcose  slates.  The  furnace  was 
placed  just  at  the  dividing-line  between  ores  and  slates,  in  a  gash- 
seam  which  supplied  sufficient  water  for  all  purposes  and  which 
crossed  the  slates  at  right  angles,  opening  to  the  southward  toward 
the  river.  The  dam,  built  about  1000  feet  above;  the  race  which 
brought  the  water  down  to  the  furnace,  at  a  level  probably  20 
feet  above  the  base;  the  walls  of  the  flume  which  carried  the 
water  to  the  overshot-wheel,  and  the  site  of  the  blowing-apparatus 
(probably  the  accordeon  type  of  bellows),  are  all  still  to  be  seen  on 
the  spot.  Just  above  the  furnace  are  levelled  spaces  for  the  storage 
of  ores,  charcoal,  fluxes,  etc.,  sufficient  for  at  least  twenty  thousand 
tons  of  materials.  Still  above  this  level,  the  ground  rises  to  a 
height  of  probably  60  feet,  and  the  ore-pits,  with  samples  of  the 
ores  used,  are  easily  found  for  some  distance  to  the  southwest. 

The  casting-beds  were  nearly  on  the  level  of  the  brook,  about  50 
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feet  away ;  and  the  furnace  must  have  been  at  least  20  feet  high,  from 
its  base  to  the  bridge  which  extended  to  the  bank  above. 

The  slag-heaps  are  some  distance  away,  and  contain  at  least 
10,000  tons,  possibly  double  that  amount,  as  they  have  been  in  part 
washed  into  the  brook,  overgrown  and  buried,  and  it  is  therefore 
difficult  to  estimate  their  contents  closely. 

The  materials  which  I  have  gathered,  prove  that  the  furnace 
actually  smelted  iron-ores  and  produced  good  pig-iron ;  the  slags 
plainly  indicate  excellent  judgment  in  furnace- management ;  and 
the  quality  of  the  pig-iron  proves  the  knowledge  of  ore-mixtures  to 
have  been  equal  to  that  of  the  present  day  in  the  same  district. 
Ores,  fluxes,  charcoal,  masonry,  etc.,  abound  in  the  great  quantity 
of  debris  scattered  about.  Unfortunately,  no  care  has  been  taken 
by  the  owners  of  the  land  during  the  last  twenty  years  for  the 
preservation  of  the  stack  itself,  or  its  materials ;  and  at  least  half 
its  original  height  has  been  sacrificed  to  furnish  foundations  and 
chimneys  for  the  cabins  of  the  neighborhood.  A  few  of  the  bricks 
(unique  in  their  shape  and  weight  and  evidently  brought  from  some 
foreign  land),  are  still  in  the  ruins  of  the  furnace;  but  the  choice 
bricks  of  the  upper  part  have  disappeared.  The  specimens  I  have 
secured  were  taken  some  time  ago,  during  a  further  wrecking  of  the 
main  structure,  and  represent  a  fair  average  of  what  now  remains, 
perhaps  10  feet  in  height.  These  samples  represent  the  pudding- 
stone,  which  made  up  the  body  of  the  furnace,  with  streaks  of  slag 
filling  all  the  joints  and  seams;  the  fire-stones,  both  sandstone  and 
slate;  and  the  inner  and  outer  bricks,  the  mortar  on  which  is  as 
firm  as  when  first  seasoned,  although  it  has  been  exposed  to  weather 
for  170  years  or  more. 

Col.  Byrd  in  A  Progress  to  the  MineSf  page  49,  says  of  these 
works : 

"  I  passed  the  sooth  branch  of  Pomunky  river.  .  .  .  After  this  I  had  eight  miles 
to  Mr.  ChiswelFs.  ...  I  found  Mr.  Chiswell  a  sensible,  well-bred  man,  and  very 
frank  in  communicating  his  knowledge  in  the  mysterj  of  making  iron,  wherein 
he  has  had  long  experience.  I  told  him  I  was  come  to  spy  the  land,  and  inform 
myself  of  the  expense  of  carrying  on  an  iron  work  with  effect.  That  I  sought  my 
instruction  from  him,  who  understood  the  whole  mystery,  having  gained  full  expe- 
rience in  every  part  of  it ;  only  I  was  very  sorry  he  had  bought  that  experience  so 
very  dear. 

''He  answered  that  he  would,  with  great  sincerity,  let  me  into  the  little  knowledge 
he  had,  and  so  we  immediately  entered  upon  the  business.  He  assured  me  the  first 
step  I  was  to  take  was  to  acquaint  myself  fully  with  the  quantity  and  quality  of 
my  oar.    For  that  reason  I  ought  to  keep  a  good  pick-axe  man  at  work  a  whole 
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year,  to  search  if  there  be  a  safficient  quantity,  without  which  it  would  be  a  very 
rash  uudertaking.  That  I  should  also  have  a  skillful  person  to  try  the  richness  of 
the  oar.  Nor  is  it  great  advantage  to  have  it  exceeding  rich,  because  it  then  will 
yield  brittle  iron,  which  is  not  valuable.  But  the  way  to  have  it  tough  is  to  mix 
poor  oar  and  rich  together,  which  makes  the  poorer  sort  extremely  necessary  for 
the  production  of  the  best  iron.  .  .  .  He  told  me,  after  I  was  certain  my  oar  was 
good  and  plentiful  enough,  my  next  inquiry  ought  to  be,  how  far  it  lies  from  a  stream 
proper  to  build  a  furnace  upon,  and  again,  what  distance  that  furnace  will  be  from 
water  carriage ;  because  the  charge  of  carting  a  great  way  is  very  heavy,  and  eats 
out  a  great  part  of  the  profit.  That  this  was  the  misfortune  of  the  mines  of  Fred- 
ericksville,  where  they  were  obliged  to  cart  the  oar  a  mile  to  the  furnace,  and  after 
'twas  run  into  iron,  to  carry  that  24  miles,  over  an  uneven  road  to  Rappahannock 
river,  about  a  mile  below  Fredericksburg,  to  a  plantation  the  company  rented  of 
Col.  Page.  .  .  .  He  told  me  farther  that  120  slaves,  including  women,  were  neces- 
sary to  carry  on  the  business  of  an  iron  work,  and  the  more  Virginians  among  them 
the  better ;  tho'  in  that  number  he  comprehended  carters,  colliers,  and  those  that 
planted  com.  If  there  should  be  much  carting,  it  would  require  1600  barrels  (8000 
bushels)  of  com  yearly  to  support  the  people  and  the  cattle  employed  ;  nor  does 
that  quantity  suffice  at  Fredericksville.  That  if  all  these  circumstances  should 
happily  concur,  and  you  could  procure  honest  colliers  and  firemen,  which  will  be 
difficult  to  do,  you  may  easily  run  800  tons  of  sow-iron  a  year.  The  whole  charge 
of  freight,  custom,  commissions,  and  other  expenses  in  England,  will  not  exceed 
30  shillings  a  ton,  and  'twill  commonly  sell  for  £6,  and  then  the  clear  profit  will 
amount  to  £4  10s.  So  that,  allowing  the  10  shillings  for  accidents,  you  may  rea- 
sonably expect  a  clear  profit  of  £4,  which  being  multiplied  by  800,  will  amount  to 
£3200  a  year  to  pay  you  for*  your  land  and  negroes.  But  then  it  behooved  me  to 
be  fully  informed  of  the  whole  matter  myself,  to  prevent  being  imposed  upon;  and 
if  any  offered  to  put  tricks  upon  me,  to  punish  them  as  they  deserve. 

'*  In  the  afternoon  I  walked  with  my  friend  to  his  mill,  which  is  half  a  mile 
from  his  house.  It  is  built  upon  a  rock  very  firmly,  so  that  'tis  more  apt  to  suffer  by 
too  little  water  (the  run  not  being  over  plentiful),  than  too  much.  On  the  other 
side  of  this  stream  lie  several  of  Colonel  Jones'  plantations.  The  poor  negroes  upon 
them  are  a  kind  of  Adamites,  very  scantily  supplied  with  cloaths.  Close  by  the 
furnace  stood  a  very  spacious  house  full  of  charcoal,  holding  at  least  400  loads, 
which  will  be  bumt  out  in  three  months.  The  fire  in  the  furnace  is  blown  by  two 
mighty  pair  of  bellows,  that  cost  £100  each,  and  these  bellows  are  moved  by  a  great 
wheel  of  26-foot  diameter.  The  wheel  is  carried  round  by  a  small  stream  of 
water,  conveyed  about  350  yards  over  land  in  a  trough  from  a  pond  made  by  a 
wooden  dam.  Chiswell,  the  only  person  that  knows  anything  of  the  matter,  has 
£100  a  year,  and  richly  deserves  it. 

"At  our  return,  we  saw  near  the  furnace  large  heaps  of  mine,  with  charcoal 
mixed  with  it,  a  stratum  of  each  alternately.  To  this  they  put  fire,  which  in  a  little 
time  spreads  through  the  whole  heap  and  calcines  the  oar,  which  afterwards  crum- 
bles into  small  pieces  fit  for  the  furnace.  There  was  likewise  a  mighty  quantity  of 
limestone  brought  from  Bristol  by  way  of  ballast,  at  2/6  a  ton,  which  they  are  at  the 
trouble  to  cart  hither  from  the  Rappahannock  river,  but  contrive  to  do  it  when  the 
carts  return  from  carrying  of  iron.  They  put  this  into  the  furnace  with  the  iron- 
oar,  in  the  proportion  of  one  ton  of  stone  to  ten  of  oar,  with  design  to  absorb  the 
sulphur  out  of  the  iron,  which  would  otherwise  make  it  brittle.  And  if  that  be  the 
use  of  it,  oyster  shells  would  certainly  do  as  well  as  limestone,  being  altogether  as 
strong  an  alkali,  if  not  stronger. 
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*'But  the  founders  will  by  no  means  be  persuaded  to  go  out  of  their  way,  though 
the  reason  of  the  thing  be  never  so  evident.  I  observed  the  richer  sort  of  mine, 
being  of  a  dark  color  mixed  with  rust,  was  laid  in  a  heap  by  itself,  and  so  was  the 
poor,  which  was  a  liver  or  brick  color. 

'*The  sow-iron  is  in  the  figure  of  a  half-round,  alH)ut  two  feet  and  a  half  long, 
weighing  60  or  70  pounds,  whereof  3000  weight  make  a  cart  load  drawn  by  eight 
oxen,  which  are  commonly  shod  to  save  their  hoofs.  When  the  furnace  blows, 
it  runs  about  20  tons  of  iron  a  week. 

"  I  took  my  leave  about  ten  and  drove  over  a  spacious  level  road  ten  miles  to  a 
bridge  built  over  the  river  Po.  Two  miles  beyond  that  we  passed  by  a  plantation 
belonging  to  the  company,  of  about  500  acres,  where  they  kept  a  great  number  of 
oxen.  Three  miles  further  we  came  to  the  Germanna  road,  then  eight  miles  to  the 
main  county  road  that  leads  from  Fredericksburg  to  Germanna,  which  last  place  I 
reached  in  ten  miles  more.'* 

I  have  already  quoted  Colonel  Byrd's  remarks  upon  his  visit  to 
the  Rappahannock  furnace,  which  he  left  by  the  main  road,  over 
which  all  the  cast-iron  was  carted  to  the  "air-furnace"  at  Massa- 
ponax,  five  miles  below  Fredericksburg. 

Another  quotation  from  him,  covering  the  information  which  he 
derived  from  dwellers  in  Fredericksburg,  concerning  the  Washington 
furnace,  may  conclude  this  portion  of  the  history : 

"On  the  other  side  the  river,  in  King  George  county,  twelve  miles  from  hence, 
is  a  spring  of  strong  steel  water,  as  good  as  that  at  Tunbridge  wells.  Not  far  from 
this  spring  are  England's  iron  mines,  called  so  from  the  chief  manager  of  them 
though  the  land  belongs  to  Mr.  Washington.  These  mines  are  two  miles  from  the 
furnace,  and  Mr.  Washington  raises  the  oar  and  carts  it  thither  for  20/  the  ton  of 
iron  that  it  yields.  The  furnace  is  built  on  a  run,  which  discharges  its  waters  into 
Potoraeck.  And  when  the  iron  is  cast,  they  cart  it  about  six  miles  to  a  landing 
on  that  river.  Besides  Mr  Washington  and  Mr.  England,  there  are  several  other 
persons  concerned  in  these  works.  Matters  are  very  well  managed,  and  no  expense 
is  spared  to  make  them  profitable,  which  is  not  the  case  in  the  works  I  have  already 
mentioned.  Mr.  England  can  neither  write  nor  read,  but  without  those  helps  is  so 
well  skilled  in  iron  works  that  he  don't  only  carry  on  this  furnace,  but  has  likewise 
the  chief  management  of  the  works  at  Principia,  at  the  head  of  the  bay,  where 
they  have  also  erected  a  forge  and  make  very  good  bar-iron." 

These  interesting  proofs  of  successful  iron-smelting  at  so  early  a 
period  in  the  history  of  the  colonies  must  inure  principally  to  the  indi- 
vidual credit  of  Governor  Spotswood,  in  whom  foresight,  energy  and 
perseverance  were  predominant  traits. 

Among  the  difficulties  which  he  had  to  surmount  by  his  personal 
management,  were,  for  instance,  the  handling  of  a  colony  of  dissatis- 
fied foreign  workmen,  who,  allured  to  America  by  the  promises  of  De 
Graffenreidt,  found  themselves  thrown  into  a  wilderness  almost  un- 
known and  full  of  dangers;  the  laying  out  of  roads  and  the  bringing 
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in  of  supplies ;  the  prospecting  for  minerals  in  the  yet  more  remote 
wilderness ;  the  locating  of  homes  and  opening  up  of  agricultural 
tracts  to  support  increasing  immigration  ;  the  erection  of  an  entirely 
new  class  of  furnaces,  and  the  working  of  these  furnaces  and  the 
sale  of  their  products,  with  all  the  vexing  details  which  are  partially 
made  known  in  the  records  here  presented.  What  he  accomplished 
in  this  new  field,  and  under  circumstances  which  seem  to  us  to  have 
been  almost  impossible;  the  attention  which  he  attracted,  and  the 
reputation  which  he  made  among  the  leading  iron-masters  of  the  old 
world,  by  the  introduction  of  the  "  Plantations  Pig-iron  "  into  their 
markets;  and  the  assistance  he  rendered  to  all  struggling  industries, 
while  thus  laying  the  foundation  of  one  of  the  most  important  of 
them  all,  cotistitute  a  title  to  honorable  fame,  in  the  presence  of 
which  criticism  of  his  personal  ambitions  may  well  find  itself  dis- 
armed. 

In  the  chain  of  historic  evidence,  which  secures  to  Virginia  the 
credit  of  establishing  the  first  bloomery  in  the  year  1619,  and  re- 
cords for  her  an  almost  unbroken  line  of  successes  in  charcoal  fur- 
nace-practice since  the  Revolutionary  War,  there  has  been  hitherto 
(by  reason  of  the  unfortunate  destruction  oT documents)  one  missing 
link,  namely,  the  proof  of  the  extensive  pioneer  work  done  by  the 
Spotswood  furnaces  from  1714  to  1730.  This  paper  describes  how 
I  have  sought  to  recover  that  link,  establishing  beyond  doubt,  by 
careful  tracings  along  the  mineral  belt  from  the  South  Anna  to  the 
Rappahannock,  the  sites  of  the  first  and  second  furnaces  located  and 
worked  by  the  German  Palatines  and  their  successors.  It  is  clear 
that  this  colony  was  settled  at  Germanna  to  open  the  mines  and  pre- 
pare for  the  active  work  of  the  furnaces ;  that  materials  of  various 
kinds,  which  we  now  find  on  the  ground,  were  brought  from  abroad 
for  the  construction  of  the  first  furnace  at  Rappahannock,  and  for  the 
second  furnace  at  Fredericksville ;  and  that  we  have  here  the  first 
pig-iron  ever  smelted  in  America  from  the  ore,  in  a  furnace  in  which 
forced  blast  was  used. 

Discussion. 

Mr.  E.  C.  Pechin,  Roanoke,  Va.:  I  have  been  very  much  in- 
terested in  Mr.  Adams's  paper,  and  I  think  he  deserves  a  great 
deal  of  credit  for  having  so  carefully  worked  out  this  inquiry. 
Those  of  us  who  have  anything  to  do  with  mining  in  Virginia 
know  one  thing  to  our  sorrow,  that  we  do  not  have  to  go  back  to 
1600  to  find  uncertain  titles  or  defective  records  and  boundaries  in 
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a  great  maDj  parts  of  that  State  and  of  West  Virginia.  Mr.  Adams 
has  shown  much  skill  in  clearing  up  the  obscurity  due  to  such  causes, 
surrounding  his  sot^ecL 

The  early  document  from  whicli  he  quotes,  and  which  says  that 
^'  all  the  land  hereabouts  seems  paved  with  iron-ore,  so  that  there 
seems  enough  to  feed  a  furnace  for  many  ages,^  sounds  familiar  to 
a  reader  of  Southern  literature  of  the  last  one  or  two  years.  Indeed 
it  is  a  comparatively  mild  statement  I 

But,  seriously,  it  is  a  point  of  very  great  interest  that  these  original 
iron  works  were  established,  as  Mr.  Adams  shows,  for  the  purpose 
of  working  the  "  gossan  "-ore,  which  forms  the  oxidized  cap,  above 
the  water-level,  of  the  deposits  of  iron  sulphides  carrying  copper- 
ores.  The  sulphur  and  copper  have  almost  disappeared,  and  the  gos- 
san is  practically  a  lean  hydrated  iron-ore.  The  sulphur  is  very  low 
indeed.  The  copper  varies  from  a  quarter  of  one  per  cent  to  one  per 
cent.  As  you  approach  the  sulphides  underneath  this  capping  of 
iron-ore  you  get  a  zone  of  so-called  "black  oxide"  of  copper, and 
years  ago  the  whole  belt  was  extensively  worked  by  copper-produ- 
cers before  the  great  copper-mines  of  Lake  Superior  came  in.  This 
black  oxide  of  copper  Ifss  right  under  the  gossan-ore  and  next  to 
the  mundic  rock,  and  then  the  latter  continues  down  to  unknown 
depths.     Mr.  Adams,  at  Mineral  City,  has  a  shafl  500  feet  deep. 

This  gossan-ore  has  been  largely  ignored  as  a  material  for  the 
manufacture  of  iron.  Miners  turned  to  the  brown  ores  of  the  Blue 
Ridge.  Over  and  over  again,  in  travelling  through  the  mountains  of 
Virginia,  I  have  come  uj>on  the  ruins  of  old  furnaces  in  secluded 
valleys,  miles  and  miles  away  from  any  railroad,  which  had  once 
smelted  the  brown  ores  ;  yet  nobody  living  in  the  locality  recollected 
having  seen  them  worked,  or  had  any  knowledge  of  them  beyond 
vague  traditions.  I  recollect  one  old  stack  on  Irish  Creek  that  is 
called  the  *'  Colonial  Furnace,"  which  was  probably  built  before  the 
Revolutionary  War.  An  old  half-Indian  half-negro  that  I  talked 
with  told  me  that  his  father  used  to  tell  him  about  having  worked 
at  this  furnace.     I  suppose  they  made  half  a  ton  a  day  there. 

Most  of  these  old  furnaces  seem  to  have  run  entirely  on  the 
brown  ores  ;  but  there  are  in  Floyd  county  the  remains  of  an  old 
furnace  which  ran  entirely  on  this  gossan-ore,  and  there  is  a  very 
curious  story  about  it,  to  this  eflTect :  The  proprietor  of  this  little 
furnace  made  one  or  two  tons  a  day,  which  he  would  run  into 
castingf^,  kettles  and  pots  for  the  use  of  the  mountaineers  around 
there.     On  one  occasion,  before  he  had  found  a  market  for  his  wares, 
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he  took  a  lot  of  them  over  to  a  county  fair,  and  vainly  tried  to  sell 
them.  They  were  rather  a  rough-looking  lot  of  utensils,  and  did 
not  attract  favorable  attention,  and  the  old  roan  began  to  feel  dis- 
couraged^ and  did  not  think  he  would  be  able  to  sell  any.  Some 
one  was  jeering  him  about  his  bad  luck,  and  in  a  fit  of  rage  betook 
up  one  of  these  pots  and  said  he  would  break  the  ^*  danged  thing 
to  pieces,"  and  he  smashed  it  down  on  a  big  rock.  To  the  amaze- 
ment of  the  beholders  and  himself,  instead  of  breaking,  it  re- 
bounded several  feet  in  the  air,  whicli  created  such  a  sensaiion  that 
the  old  man  immediately  doubled  his  prices,  and  in  the  course  of  an 
hour  had  entirely  disposed  of  all  the  goods  he  had  brought  with 
him.  They  have  in  the  South  the  record  of  car-wheels  made  out  of 
this  sort  of  iron,  before  the  war,  that  are  reported  to  have  far  exceeded 
the  record  of  any  other  car-wheel  either  in  this  country  or  abroad. 
The  only  explanation  which  I  have  heard  of  this  is  the  extraordinary 
tenacity  given  to  the  iron  by  reason  of  the  small  percentage  of  copper 
present.  At  the  Pulaski  furnace  to-day  they  are  making  one  of  the 
most  beautiful  foundry-irons  that  I  have  ever  seen  anywhere.  It  is 
'*  as  soft  as  lead,"  and  as  tough  and  strong  as  anything  I  have  ever 
seen.  They  get  that  quality  of  iron  when  they  mix  say  thirty  per 
cent,  of  this  gossan  with  their  brown  ores.  The  brown  ores  of  the 
region  run  high  in  phosphorus  and  manganese,  but  by  mixing  thirty 
per  cent,  of  this  with  them,  iron  is  obtained  for  which  there  is  a  very 
large  demand. 

The  gossan-ore  is  not  very  rich  in  iron.  Prospectors,  of  course, 
pick  their  samples  and  get  a  high  percentage  of  iron,  and  so  it  was 
orio;inally  assumed  that  this  ore  was  going  to  yield  fifty  per  cent. 
When  I  made  my  first  examination  of  the  property,  eighteen  months 
ago,  I  came  to  the  conclusion  that  with  proper  care  in  mining  they 
could  probably  calculate  upon  forty-five  per  cent.  As  the  mines  go 
now  they  are  getting  about  forty-two.  The  following  analysis  was 
made  of  a  sample  taken  from  eight  cars  picked  at  random  from  the 
shipments  within  the  last  two  or  three  weeks  : 

Per  cent. 

Iron, 41.74 

Silica, 19. 

ManganeRe, 0.13 

Phosphorus, 0.13 

Sulphate, 0.2S 

Aluminum, 2.6S 

Lime, 0.96 

Magnesia, 3.46 

Potash, 0.16 

Soda, 1.79 

Combined  water  not  stated. 
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Of  course  this  is,  strictly  speaking,  a  brown  hematite;  but  it  will 
be  readily  seen  that  the  alumina  and  magnesia,  soda  and  potash  in 
this  somewhat  unusual  mixture  are  going  to  help  very  largely  in  the 
treatment  of  the  ore  in  the  furnace,  by  helping  to  get  rid  of  the 
silica. 

Mb.  Birkinbine:  Was  that  sample  dried  at  212°;  and  if  so, 
how  much  water  did  it  lose? 

Mr.  Pechin  :  Yes  ;  and  it  may  have  lost  from  6  per  cent,  up  to 
500  per  cent.,  if  you  will  permit  an  exaggeration  !  It  is  a  spongy, 
open,  porous  ore;  and  if  you  both  mine  it  and  get  it  to  a  furnace 
on  a  dry  day  it  will  arrive  with  perhaps  5  to  6  per  cent,  of  moisture. 
But  if  it  were  caught  in  a  little  gentle  shower,  such  as  we  have  just 
had,  in  transitu,  it  would  reach  the  furnace  absolutely  soaked  with 
water.  You  may  put  a  lump  of  it  into  a  bucket  of  water,  and  you 
will  soon  he  surprised  to  find  how  little  water  remains  in  the  bucket, 
while  the  lump  is  there  just  the  same.  I  am  inclined  to  think  that 
when  mining  operations  shall  have  been  opened  up  on  a  somewhat 
larger  scale,  so  that  the  work  can  be  regulated,  the  true  policy  of 
the  furnaces  using  that  ore  will  be  to  get  their  supplies  during  the 
summer  and  put  it  under  cover,  and  not  work  the  mines  at  all  during 
the  winter  or  rainy  season.  I  doubt  whether  the  gossan-ore  will 
ever  be  smelted  by  itself,  although  parties  interested,  who  have  been 
investigating  the  admirable  qualities  of  this  iron^made  with  charcoal 
in  olden  times,  are  now  seriously  entertaining  the  proposition  of 
building  a  charcoal  furnace  close  to  the  mines,  to  make  car-wheel 
iron.     For  malleable  castings  I  can  imagine  nothing  better. 

It  is  curious  that,  after  this  ore  has  been  ignored  for  150  years, 
(having  been,  according  to  Mr.  Adams's  paper,  the  supply  of  the 
original  Virginia  furnaces),  it  should  only  have  attracted  atten- 
tion within  the  last  year  or  two,  and  that  it  is  now  coming  before 
the  public.  To  understand  exactly  what  this  means  to  us  in  the 
South,  it  must  be  remembered  (as  I  have  pointed  out  in  one  of  my 
papers  in  a  general  way,)  that  our  brown  ores  are  highly  impreg- 
nated with  phosphorus  and  manganese,  and  it  is  difficult  for  us  to  get 
what  may  be  called  an  extra-strong  foundry-iron.  Our  forge-irons 
are  very  good,  owing  to  their  extremely  low  silicon.  This  gossan- 
ore  seems  to  have  the  effect  of  giving  strength  to  the  brown  ores,  and 
it  looks  very  much  as  if  it  were  going  to  play  a  very  important  part. 
Careful  experiments  are  on  foot  to  determine  whether,  the  sulphur 
cannot  by  some  cheap  process  \ye  extracted  from  the  mundic  rock  on 
a  commercial  scale.     If  that  should  be  successfully  done,  the  quan- 
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tity  of  the  available  iron-ore  (including  the  desulphurized  residuum) 
will  he  indefinitely  large,  for  the  great  sulphur-lode  can  be  traced 
for  miles.  I  have  myself  followed  ii  for  twenty  miles  right  through 
the  country,  and  it  varies  from  two  feet  to  many  feet  in  width.  You 
can  see^  therefore,  that  there  is  an  enormous  supply  if  it  can  be  made 
commercially  available. 

R.  W.  Raymond,  New  York  City :  I  suppose  this  deposit  is  the 
same  as  that  of  the  Ducktown  copper-mines  in  Tennessee,  which 
was  traced  into  Virginia  twenty  odd  years  ago,  and  worked  there 
for  copper  at  the  Betty  Baker  and  other  mines.  Digging  away  the 
gossan,  the  miners  found  along  the  underground  water-line  what  had 
leached  down  and  deposited  itself  in  the  so-called  *'  black  oxide '' 
copper-ores.  These  are  easily  reduced,  and,  while  they  last,  furnish 
a  material  which  can  be  reduced  to  black  copper  at  one  smelting. 
If  I  am  not  mistaken,  the  usefulness  ^of  the  gossan  outcrop  as  a 
source  for  the  manufacture  of  iron  has  not  been  so  completely 
ignored  as  Mr.  Pechin  supposes.  Some  twenty-five  years  ago,  in 
connection  with  the  editing  of  a  report  by  Dr.  Hermann  Credner,  on 
the  Ducktown  mines,  my  attention  was  called  to  the  value  of  these 
outcrops  as  iron-ore ;  and  I  was  then  informed  that  the  Tred^ar 
iron- works,  of  Richmond,  had  made,  before  and  during  the  war, 
from  this  kind  of  ore,  iron  of  a  very  high  quality,  a  good  deal  of 
which  went  into  the  artillery  and  small  arms  manufactured  for  the 
Confederate  States. 

I  might  also  say  that  the  crystalline  schists  of  more  Northern 
States  show  a  similar  zone  or  zones  of  heavy  pyritic  beds.  I  believe 
they  are  found  in  Pennsylvania,  and  I  have  examined  them  at  An- 
thony's Nose  in  the  Hudson  Highlands,  and  at  Litchfield,  Conn. 
The  pyrites  is  not  the  yellow  mundic ;  it  is  the  so-called  "  pyrrho- 
tite^'  or  brown  magnetic  sulphide.  It  occurs  again  at  Sudbury, 
Canada,  over  150  feet  in  thickness.  It  is  not  generally  covered 
with  heavy  gossan  ;  but  it  seems  to  carry  everywhere  enclosed 
chalcopyrite  and  also  nickel.  The  percentages  of  copper  and  nickel 
are  variable.  At  Anthony's  Nose  both  copper  and  nickel  are  low, 
and  the  same  is  true  at  Litchfield,  Conn.  I  think  Mr.  Wharton's 
old  nickel-mine  in  Pennsylvania  is  in  a  similar  formation,  and  I  be- 
lieve that  nickel  as  well  as  copper  has  been  found  in  the  zone  of  the 
Ducktown  mines.  If  I  am  right,  we  have  here  rather  a  great  geo- 
logical formation  than  a  single  ore-deposit,  as  we  are  accustomed  to 
conceive  such  deposits.  There  is  no  doubt  that  whatever  may  be 
its  wealth  or  its  poverty  at  any  given  locality,  the  aggregate  of 
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tbe  product  of  this  belt  or  system  of  pjritic  deposits  will  be  im- 
roense,  and  whether  we  at  this  time  do  or  do  not  utilize  it  wher- 
ever it  occurs^  our  children  will  not  be  entirely  without  resources  for 
iron-ore  in  the  future^  even  when  the  original  ores  of  their  fathers 
are  exhausted.  I  would  say  with  regard  to  the  peculiar  qualities 
which  are  attributed  to  this  ore  that  I  cannot  myself  understand  that 
they  have  really  any  particular  connection  with  its  porous  condition 
or  with  its  origin  as  the  result  of  the  oxidation  of  the  magnetic 
pyrites.  If  they  have,  then  "  blue-billy  *'  ought  to  have  the  same 
qualities^  and,  for  all  I  know,  it  has  them.  The  process  that  has 
gone  on  along  this  great  outcrop  of  Virginia  has  undoubtedly  re- 
moved all  soluble  impurities,  and  I  doubt  whether  there  ever  was 
much  phosphorus.  My  recollection  is  that  in  the  manufacture  of 
sulphuric  acid  at  Staten  Island,  twenty  years  ago,  the  material  proved 
singularly  free  from  phosphorus,  though  not  from  arsenic.  We  also 
know  that  titanic  acid  is  not  present.  Thus  we  have  none  of  the 
impurities  that  would  affect  foundry-iron,  with  the  exception  of  sul- 
phur. If  we  can  with  sufficient  cheapness  remove  the  sulphur, 
we  may  get  one  of  the  purest  raw  materials,  apart  from  the  earthy 
gangue,  of  which  there  is,  in  many  parts  of  these  massive  deposits, 
but  a  small  percentage. 


A  REVIEW  OF  THE  IRON-MJNINO  INDUSTRY  OF  NEW 

JERSEY. 

BY  JOHN  C.   SMOCK,  TRENTON,   N.   J. 
(Cleveland  Meeting,  June,  1891.) 

The  rich  deposits  of  magnetic  iron-ore  in  the  Highlands  of  north- 
ern New  Jersey  attracted  the  attention  of  iron-workers  at  the  time 
of  the  earliest  settlements  in  that  region.  The  outcrops  of  the  ore- 
shoots  at  the  Dickerson  mine,  at  Mount  Hope,  and  at  Hibernia,  in 
Morris  county,  and  at  Ringwood,  in  Passaic  county,  which  were 
doubtless  such  as  would  lead  to  discovery,  location  and  development 
of  nearly  ail  the  large  iron-mines  in  that  part  of  the  State,  appear 
to  have  had  their  beginnings  where  the  ore  cropped  out  on  the  sur- 
face or  where  it  was  scarcely  concealed  by  a  thin  mantle  of  earth. 
In  the  early  history  of  New  Jersey  iron-mining,  the  careful  explora- 
tions and  surveys  made  by  the  agents  of  the  famous  London  Com- 
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pany,  organized  by  Peter  Hasenclever,  resulted  in  the  discovery  of 
nearly  all  the  large  mines,  which  are  still  worked,  in  the  north- 
eastern part  of  Morris,  and  in  Passaic  county.  The  explanation  is 
not,  as  has  been  said,  that  there  are  no  more  shoots  or  beds  of  ore  to 
be  found,  and,  consequently,  no  new  mines  to  be  opened ;  but  that 
the  localities  of  outcrops,  where  the  ore-bodies  came  to  the  surface, 
have  been  mostly  found.  It  is  highly  probable  that  there  are  few, 
if  any,  places  as  yet  undiscovered  in  this  region,  where  iron-ore  is  to 
be  seen  on  the  surface,  or,  as  indicated  by  strong  magnetic  attraction, 
is  but  lightly  covered.  The  early  prospectors  enjoyed  the  advan- 
tages belonging  to  pioneers  in  a  virgin  territory,  and  reaped  a  rich 
harvest  in  the  discovery  of  mines,  the  long-continued  productiveness 
of  which  has  overshadowed  the  developments  of  a  century  and  a 
half  of  succeeding  workers  in  that  field. 

The  mining  of  iron  ore  in  the  Highlands  may  be  said  to  have 
begun  at  the  Dickerson  mine  about  1710.*  The  development  of  the 
industry  was  rapid,  and  the  manufacture  of  iron  in  forges  in  that 
district  was  started  at  about  the  same  time.  At  first  the  product 
was  for  home  consumption,  and  the  ore  was  used  in  the  forges 
within  a  few  miles  of  where  it  was  mined.  It  was  a  day  of  small 
beginnings,  and  the  forges  were  run  by  water-power  on  many  sites, 
where  at  the  present  time  available  power  is  scarcely  recognized. 
The  small  demands  made  but  slight  impression  upon  the  large  ore- 
shoots,  and  mine  exhaustion  was  an  apparent  impossibility  at  the 
rate  of  production  of  that  early  period.  The  era  of  forges  was 
succeeded  by  that  of  charcoal  blast-furnaces.  Acrelius,  the  historian 
of  New  Sweden,  who  lived  in  this  country  from  1750  to  1756,  men- 
tions five  iron-works,  one  of  which,  that  at  Oxford,  was  built  in 
1 742.  The  others  were  the  furnace  at  Ogden^s  (now  Ogdensburg), 
the  Union  Iron  Works,  the  Mount  Holly  furnace  and  the  Stirling 
furnace,  near  the  New  York  State  line.f  The  furnaces  at  Andover, 
Ringwood,  Mbunt  Hope  and  Charlottenburg,  were  built  about  1763 
-1772.  These  furnaces  consumed  much  more  ore  than  the  small 
forges  which  preceded  them.  The  iron  manufacturing  industry  was 
in  a  prosperous  and  growing  condition  up  to  the  period  of  the  Revo-, 
lution.  There  are  no  available  data  from  which  to  ascertain  the 
amount  of  ore  used  annually,  other  than  the  estimateil  capacity  of 
the  furnaces  named.     Using  this  ba&is  it  is  safe  to  say  that  the 

*  The  iron  works  at  Tinton  Falls,  in  Monmouth    county,  built  about  1674, 
smelted  the  bog-ore  found  in  that  county. 

t  Swank's  Iron  in  All  Ages,  Phila,,  1884,  pp.  117,  118. 
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annual  output  of  the  mines  worked  at  that  period  did  not  exceed 
10,000  tons.  Morse's  American  Gazetteer  (Boston,  1797)  says  that 
in  Morris  county  alone,  "  there  are  no  less  than  seven  rich  iron- 
naines,  from  which  might  be  taken  ore  sufficient  to  supply  the 
United  States.*'  Some  forges  and  furnaces  of  the  ante-revolutionary 
period  used  bog-ores,  found  in  the  southern  part  of  the  State;  and 
they  continued  to  work  on  these  ores  well  into  the  present  century. 
In  1802  there  were,  according  to  Swank's  history  of  Iron  in  All 
Ages,  thirteen  furnaces  and  one  hundred  and  iBfty  forges  in  New 
Jersey.  Gordon's  Gazetteer  puts  the  total  output  of  the  iron- mines 
in  1830  at  20,000  tons.  Statistics  of  production  for  the  decade 
1830-40  are  wanting,  and  the  progress  of  iron-mining  as  measured 
by  the  output  is  unknown.  Prof.  Henry  D.  Rogers,  State  Geol- 
ogist, gives  descriptive  notes  of  the  important  mines  and  mining 
districts,  as  he  saw  them  at  the  time-of  his  survey,  the  final  report 
of  which  was  published  in  1840.  He  has  notes  on  the  Ringwood, 
Hibernia,  Mount  Hope,  Succasunna  and  other  mines  in  Morris 
county.  The  "relative  fewness"  of  mines  in  the  Wallkill, 
Schooley's  and  Musconetcong  Mountains,  is  referred  to  as  notable ; 
and  prospecting  for  ore  in  these  localities  is  said  to  be  promising. 
To  the  southwest,  the  Oxford  Furnace  ore-deposits  are  described  as 
large  and  containing  an  '*  enormously  great  quantity  of  ore/'  Prof. 
Rogers  refers  to  the  hot-blast  and  the  use  of  anthracite  coal  as  "new 
methods  recently  introduced,"  and  about  to  lead  to  a  brighter  era. 

In  1855  Dr.  William  Kitchell,  State  Geologist,  estimated  the  out- 
put for  that  year  to  be  100,000  tons.  Many  of  the  mines  described 
in  his  report  are  still  productive,  and  few  new  min^  have  been 
opened  since  that  date  in  Passaic,  Sussex  and  Morris  counties. 
About  eighty  were  mentioned  in  his  list  for  1865.  In  his  report  for 
1856  he  says,  "they  could  be  made  to  yield  advantageously  no  less 
than  one  million  tons  of  ore  annually  for  many  years  to  come,  which 
would  be  sufficient  to  supply  half  of  the  present  annual  consumption 
of  iron  in  the  United  States."*  At  that  time  there  were  three  fur- 
naces in  New  Jersey  which  used  anthracite  coal  as  fuel  in  smelting 
^  iron-ore.  The  larger  part  of  the  ore  then  rained  in  the  State  was 
used  in  Pennsylvania.  In  his  second  report  he  says,  "there  is  no 
reason  then,  why  New  Jersey  should  not  become,  par  excellence^  the 
greatest  iron-producing  State  in  the  Union  " — a  hope  unrealized. 


*  27«rd  Annual  Report  on  the  Geological  Survey  oft^te  State  of  New  Jersey j  for  the  year 
1856,  Trenton,  1857,  p.  10. 
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There  are  do  accurate  statements  of  the  amount  of  ore  mined  yearly 
ID  the  State  after  the  suspension  of  the  Geological  Survey  until  1860, 
when  the  United  States  Census  reported  a  total  production  of  164,900 
tons.  In  1863  the  estimated  output,  according  to  Prof.  Cook's 
report  for  that  year,  was  at  least  200,000  tons,  the  Morris  Canal  Co. 
having  carried  176,531  tons  of  ore.  For  the  next  year  the  estimate 
was  226,000  tons.  The  increase  in  the  production  was  gradual  and 
steady  throughout  the  decade  to  1870.  The  Geology  of  New  Jersey ^ 
published  in  1868,  gives  a  full  list  of  the  iron-ore  localities,  produce 
ing  as  well  as  abandoned  mines.  There  were  at  that  time  one 
hundred  and  fifteen  separate  mines  and  min^roups,  and  their 
aggregate  output  was  275,000  tons.  The  list  had  increased  to  one 
hundred  and  sixty-one  in  1871.  Nearly  all  of  the  additional  loca- 
tions were  in  Warren  and  in  Sussex  counties,  whereas  in  the  north* 
eastern  part  of  the  district,  in  Morris  and  in  Passaic  counties,  there 
were  few  discoveries  outside  of  the  large  and  well  known  mine- 
groups,  and  these  were  merely  new  shoots  of  ore  in  active  and  work- 
ing mines  of  long  history.  About  thirty  mines  and  mine-groups  fur- 
nished the  greater  part  of  the  product  of  the  State  at  that  period — 
1868-1871.  Many  of  the  remaining  one  hundred  and  thirty-one 
localities  of  the  list  were  either  new  openings  as  yet  undeveloped,  or 
abandoned  mines. 

There  are,  beginning  with  1870,  yearly  returns  of  the  iron-ore 
production,  which  approximate  closely  to  an  accurate  census  of  the 
mines.  The  accompanying  diagram  shows  the  fluctuations  in  the 
production  of  the  whole  State  for  the  period  1870-1890,  inclusive. 
The  upper  line  represents  the  movement  in  the  yearly  output ;  the 
lower  one  shows  the  price  of  anthracite  pig-iron  at  Philadelphia 
year  by  year  for  the  same  period.  The  rapid  upward  movement  in 
1872  and  1873  represents  the  buoyancy  of  the  iron  market  and  the 
influence  of  high  prices,  continued  into  1873,  and  beyond  the  maxi- 
mum price  of  iron  in  1872.  The  advance  in  the  output  of  1871 
upon  that  of  1870,  and  of  1872  upon  that  of  1871  was  at  the  rate 
of  25  per  cent,  per  annum.  The  increase  was  in  the  greater  output 
of  the  larger  mines,  and  in  the  number  of  producing  localities,  in- 
cluding some  mines  which  had  been  idle  since  the  high  prices  at  the 
close  of  the  civil  war.  The  Hibernia  mines  reached  an  aggre- 
gate of  90,000  tons  of  ore.  The  completion  of  the  Midland 
Bailroad  aflbrded  a  new  outlet  to  the  northern  part  of  the  district, 
which  stimulated  production  and  led  to  the  opening  of  several  new 
mines.      There  was  a  great  deal  of  searching  in  Warren  county, 
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also,  and  new  localities  of  ore  were  discovered,  but  almost  without 
exception  they  were  mines  which  could  not  be  profitably  and  con- 
tinuously worked.  The  Geological  Survey  made  another  full  list  of 
iron-mines  in  its  report  for  1873,  and  represented  the  condition  of 
the  industry  at  the  epoch  of  good  prices  and  of  the  maximum  pro- 
duction. The  aggregate  output  was  665,000  tons,  which  was  not 
surpassed  until  1880.  The  number  of  mines  in  the  list  was  two 
hundred,  but  the  majority  were  localities  in  the  various  stages  of 
development  from  exploitation  to  producing  mines,  few  of  which 
could  be  properly  designated  as  iron-mines.  The  descriptive  notes 
of  that  report  show  many  mines  of  lean  ores  which  are  to-day  idle 
because  of  their  low  metallic  percentage.  The  average  valuation  of 
the  ore  at  five  dollars  per  ton  also  shows  the  stimulus  to  mining  lean 
ores  and  working  thin  beds  and  small  shoots.  As  in  1868,  the 
larger  part  of  the  total  production  was  from  the  few  large  mines. 
The  decline  in  prices  made  itself  felt  in  1874,  and  the  production  was 
20  per  cent,  less  in  that  year  than  it  was  in  1873,  although  new  open- 
ings were  made  and  mining  was  carried  forward  with  vigor  at  many 
of  the  new  mines,  in  the  hope  of  a  recovery  in  price  and  a  renewed 
demand  for  ore.  These  expectations  were  not  realized,  and  under 
the  weight  of  depressing  prices  the  State's  production  declined  to 
390,000  tons  in  1875,  and  touched  bottom  at  285,000  tons  in  1876, 
or  nearly  the  mark  for  1867.  Several  of  the  large  producers  sus- 
pended work,  and  all  of  the  smaller  and  weaker  companies  and 
mines  on  lean  ores  were  compelled  to  stop  altogether.  Thirty 
of  the  two  hundred  in  the  list  of  1874  were  able  to  continue 
active  through  the  panic  for  the  years  1873-1879.  The  rich 
ores  and  those  suited  to  Bessemer  steel  found  a  market  at  barely 
remunerative  prices.  The  boom  of  1879,  following  the  general 
business  revival,  is  evident  in  the  sharp  upward  rise  in  the  curve 
during  the  years  1878-1880.  The  activity  in  mining  was  as  great 
in  the  latter  part  of  1879  as  it  had  been  in  1872-3,  and  work  was 
resumed  at  many  of  the  old  mines  which  had  been  idle  since  the 
panic  of  1873.  The  high  prices  and  the  demand  occasioned  a  wide- 
spread inquiry  for  ore,  and  there  was  a  return  of  miners  and  capital 
to  the  district  comparatively  more  rapid  than  the  exodus  at  the  be- 
ginning of  thjp  period  of  depression.  A  new  era  of  prospecting  and 
of  developing  properties  was  witnessed.  As  a  result  the  output  for 
1879  was  nearly  twice  as  great  as  that  of  1876.  Under  this  stim- 
ulus the  list  of  localities  contained  three  hundred  mines  and  open- 
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ings,  or  one  hundred  more  than  that  of  1873.  *  The  high  price  of 
iron  continued  into  1880,  and  the  active  demand  for  ore  resulted  in 
an  aggregate  production  in  that  year  of  745,000  tons,  an  advance  of 
over  60  j)er  cent,  upon  that  of  1879.  In  nearly  every  locality 
where  ore  was  known  to  occur,  openings  were  made  without  careful 
exploitation,  and  regardless  of  cost  of  mining  and  conditions  favor- 
ing permanent  productiveness.  The  tenth  census  of  the  United 
States  gave  the  statistics  of  the  census  year  as  757,372  tons  of  iron- 
ore,  and  the  capacity  of  the  mining  establishments  at  1,487,829 
tons.  The  rank  of  the  State  was  fourth  in  the  amount  of  iron-ore 
raised,  the  same  as  it  was  in  1870.  The  influence  of  good  and 
steady  rates  for  iron  and  iron-ore  throughout  1881  and  1882  was 
favorable  to  an  increase,  and  the  output  reached  the  climax  in  1882, 
amounting  to  932,726  tons.  The  upward  curve  from  1878  to  1882, 
and  the  sharp  decline  for  1883-1885  are  notable.  The  output  in 
1883  was  44  percent,  below  that  of  1882.  Work  was  suspended  at 
many  of  the  larger  mines,  and  the  ill-equipped  and  smaller  ones 
were  abandoned.  Searching  for  new  ore- localities  was  at  a  stand- 
still. The  decline  in  the  cost  of  labor  was  less  than  that  in  the  price 
of  ore,  and  the  royalties  were  generally  as  high  as  in  the  preceding 
year.  Under  these  depressing  conditions  the  industry  suffered  a  fur- 
ther decline,  which  was  continued  through  1884  and  1885.  The 
importation  of  ores  for  Bessemer  pig-iron  met  the  demand  of  the 
eastern  manufacturers  in  part,  and  helped  to  cause  a  still  more  serious 
condition  in  the  business  and  a  decreased  production,  until  the  mini- 
mum was  reached  in  1885,  in  which  year  330,000  tons  of  ore  were 
raised,  a  limit  nearly  as  low  as  that  of  1876. 

Since  1885  there  is  an  upward  curve,  representing  the  State's  pro- 
duction, with  a  slight  falling  off  in  1888 — this  downward  tendency 
being  less  marked  than  it  was  in  1879-80.  The  period  has  thus 
been  one  of  more  steady  prosperity,  although  lacking  the  phenome- 
nal activity  of  what  might  be  termed  a  "  boom ''  in  iron-mining. 

Reviewing  the  changes  of  the  past  two  decades,  it  is  a  prominent 
fact  that  only  a  small  number  of  the  new  openings  have  been  devel- 
oped into  producing  mines,  and  of  this  number  two  only  have  been 
worked  more  or  less  continuously — the  Kishpaugh,  dating  from 
1871,  and  the  Queen,  from  1882.  Other  mines,  op^ed  since  1870, 
which  have  yielded  ore  in  quantity,  but  have  not  been  steadily  worked, 
are :  Langdon,  Gulick,  Hedges,  Swayze^  and  Squier's  (near  Chester), 

I    I      m—!--  IT  r -  -■ ■  ■    - -         . — — — ^-       -  -  

*  This  list  has  the  groaps  of  mines  resolved  into  individual  and  separate  mines. 
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Green  Pond  (new  openings),  Stoutenburgh,  on  Schoolej's  Moan- 
tain,  Gove,  near  Drakesville,  in  Morris  county ;  Lanning,  at  Ox- 
ford Furnace,  and  Pequest,  in  Warren  county ;  and  Board  and  Cen- 
tennial or  Squire's  mines,  in  Passaic  county.  Of  the  older  and  once 
well-known  mines,  the  Andover  has  not  been  worked  in  more  than 
thirty  years ;  the  Dalrymple,  Byram,  Randall  Hill,  Baker,  and 
others  have  also  been  abandoned,  apparently  without  hope  of  resump- 
tion. There  are  others  which  have  been  idle  since  the  "  boom  "  of 
1879-82,  and  are  in  all  probability  destined  to  remain  so.  The  list 
in  the  report  of  the  Geological  Survey  for  1883  includes  the  names 
of  three  hundred  and  twenty-five  mines.  Of  these,  thirty  only  are 
to-day  being  worked. 

The  extent  of  the  workings  and  their  great  depth  are  also  notable 
in  the  case  of  the  larger  mines  of  the  State.  The  Hurd  mine,  at 
Hurdtown,  is  down  3625  feet  on  a  slope  of  30° ;  the  Dickerson  is 
1200  feet  deep;  the  Mount  Pleasant  900  feet,  and  the  Hibernia 
800  feet.  The  increase  in  depth  has  been  at  a  rapid  rate.  The 
Dickerson  has  been  dee|>ened  500  feet  in  seven  years;  the  Hurdtown 
mine  slope  has  been  lengthened  1600  feet  since  1883 ;  the  Hil>ernia 
mines  have  opened  an  ore-bed  more  than  a  mile  long ;  the  Mount 
Hope  line  is  nearly  as  long,  and  the  Richanls,  Teabo,  Mount  Pleas- 
ant, Irondale  and  Ogden  mines  are  examples  of  extensive  opening, 
both  in  length  and  in  depth.  The  rapid  extension  of  the  workings 
in  these  old  mines  has  been  caused  by  the  growing  demand  for  ore, 
and  the  increased  aggregate  of  production  for  the  State  is  due  to  their 
greater  activity  and  larger  output  rather  than  to  any  increase  from 
new  localities  and  more  recently  developed  mines.  The  result  has 
been  a  rapid  exhaustion  of  the  higher  and  more  accessible  shoots, 
necessitating  deeper  mining  following  the  descending  shoots  of  ore. 
Notwithstanding  this  increased  depth,  the  average  output  per  mine 
is  much  greater  than  it  was  two  decadps  ago.  During  the  past  few 
years  the  mine  royalty  has  been  reduced,  which  has  afforded  a  prac- 
ticable margin  for  profitable  working,  and  helped  to  maintain  the 
prosperity  of  the  district,  enabling  it  to  hold  its  position  as  an  iron- 
ore  producer  among  the  eastern  United  States.  New  Jersey  has  not 
advanced  by  such  rapid  strides  as  the  Lake  Superior  districts,  or  as 
the  Southwestf  but  it  has  kept  pace  with  New  York,  Pennsylvania^ 
Ohio  and  Missouri  in  the  production  of  iron-ore.  Its  present  rank 
is  sixth,  having  receded  two  points  since  1880. 

In  this  retrospect  it  may  be  noticed  that  the  sanguine  predictions 
of  iron-masters  and  of  geologists  of  the  earlier  or  mid-century  years 
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have  not  been  fulfilled ;  and  the  State  has  not  contributed  its  pro- 
portionate share  of  the  total  amount  of  iron-ore  consumed  in  the 
country^  as  compared  with  the  past.  The  growth  has  been  slow  as 
compared  with  the  almost  marvellous  developments  in  the  Marquette, 
Menominee,  Gogebic  and  Vermilion  districts.  The  total  consump- 
tion of  iron-ore  in  the  country  has  increased  tenfold  during  the  last 
thirty- five  years;  the  State's  production,  however,  taking  the  aver- 
age of  the  last  five  years,  was  only  five  times  what  it  was  in  1856. 
It  must  be  observed  that  a  large  part  of  this  advance  was  previous 
to  1870.  The  average  production  per  annum  for  1870-79  is  449,- 
034  tons;  that  for  1880-89  is  5J3,824  tons,  equivalent  to  a  gain  of 
twenty-five  per  cent.  The  total  output  for  the  twenty-year  period, 
1870-1889,  inclusive,  amounts  to  10,128,5/5  tons.  Dr.  Kitchell 
estimated  the  output  of  the  New  Jersey  iron  mines  in  1856  to  be 
seven  per  cent,  of  all  of  the  domestic  ore  used  in  the  country ;  in  1890 
the  State  furnished  a  little  less  than  three  and  a  half  per  cent,  of 
the  ore  for  home  consumption. 

The  comparison  of  the  statistics  of  New  Jersey  and  of  the  whole 
country,  and  review  of  the  history  of  the  industry  in  the  State,  as 
indicated  by  the  rate  of  production  by  years  and  by  terms  of  years, 
lead  to  the  following  conclusions : 

1.  The  iron-mining  industry  of  New  Jersey  began  in  the  colonial 
period,  and  grew  slowly  with  the  early  settlement  of  the  district. 

2.  The  early  development  was  at  many  points,  and  there  are  com- 
paratively few  productive  localities  which  do  not  antedate  the 
beginning  of  the  present  century. 

3.  The  rate  of  increase  in  the  production  was  slow  up  to  the  epoch 
of  the  hot-blast  and  the  anthracite  coal  furnace,  about  1840. 

4.  Since  1860  it  has  been  characterized  by  sudden  and  wide  fluc- 
tuation, influenced  by  the  price  of  iron  and  the  demand  for  ore. 

5.  The  advance  in  the  production  of  the  State  has  been  much 
slower  than  in  that  of  the  whole  country. 

6.  The  steady  progress  in  the  direction  of  more  economic  work- 
ing and  the  average  increase  of  product,  as  seen  in  comparing 
decades  of  production,  show  that  the  capacity  of  the  mines  in  the 
aggregate  is  adequate  to  a  still  greater  output,  and  their  enduring 
prosperity  is  such  as  to  give  hope  of  a  future  advance. 

7.  The  stage  of  slower  growth  has  been  entered  upon  by  this 
industry  in  the  State  of  New  Jersey,  and  apparently  the  same  stage 
has  been  nearly  reached  by  the  iron-mining  industry  of  the  country 
as  a  whole,  notwithstanding  the  rapid  development,  here  and  there, 
of  virgin  fields. 
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Discussion. 

President  John  Birkinbine,  Philadelphia,  Pa.:  This  paper 
brings  up  a  feature  whieh  has  roore  than  once  attracted  the  atten- 
tion of  those  familiar  with  our  iron-ore  deposits — the  peculiar  ability 
which  some  of  our  grand-fathers  and  grand-uncl^  seem  to  have 
had  as  ore-discoverers.  The  older  deposits  through  Pennsylvania 
and  some  of  the  older  ones  in  New  York  State  are  instances;  and  it 
seems  as  if  these  men,  without  the  geological  researches  and  without 
the  chemical  knowledge  that  we  have  access  to,  had  somehow  picked 
out  the  best  deposits.  The  history  of  such  deposits  as  Cornwall,  in 
Pennsylvania,  some  of  the  mines  of  the  Lake  Champlain  district, 
and  also  in  what  is  known  as  the  Salisbury  region  in  Connecticut 
and  eastern  New  York,  indicates  that  most  of  the  older  mines  are 
the  best  mines ;  in  other  words,  that  in  many  instances  the  best 
mines  are  often  the  oldest. 

In  connection  with  Prof.  Smock's  paper,  I  would  call  attention  to 
the  circumstance  that  of  the  14,500,000  tons  of  iron-ore  produced  in 
the  United  States  in  1889,  seventeen  and  a  half  per  cent,  was  mag- 
netite, and  about  the  same  proportion  was  brown  hematite;  the 
greater  proportion  was  red  hematite,  and  less  than  three  per  cent, 
was  carbonate.  Of  the  magnetite  produced  in  this  country.  New 
York  leads  with  tliirty-seven  per  cent. ;  Pennsylvania  comes  next 
with  a  fraction  over  thirty-four  per  cent. ;  New  Jersey  is  third  with 
sixteen  and  one-half  per  cent.;  Michigan  fourth  with  ten  per  cent. 
Another  )>oint  worthy  of  discussion  is  that  the  possibilities  in  mag- 
netic separation  of  iron-ores  may  bring  into  a  large  producing  capacity 
some  of  the  leaner  deposits  which  have  been  practically  abandoned. 
I  lately  visited  one  of  these  New  Jersey  mines,  where  a  narrow  vein 
is  worked  at  heavy  expense,  owing  to  the  fact  that  but  a  small  width 
of  available  shipping  ore  was  found.  The  owners  have  lately 
introduced  a  system  of  magnetic  concentration,  by  which  they  claim 
that  they  are  so  far  able  to  reduce  the  cost  of  the  ore  on  cars,  by 
adding  to  their  available  supply  this  concentrated  ore,  as  to  transfer 
the  mine  from  an  unsatisfactory  speculation  into  a  profitable  business. 

E.  C.  Pechin,  Roanoke,  Va. :  A  serious  trouble  in  concentrating 
a  good  many  of  the  magnetic  ores  is  the  exceedingly  fine  condition 
in  which  the  resulting  product  would  be  lefl.  Take,  for  instance, 
the  Cranberry  mine  in  North  Carolina.  There  is  a  very  large  de- 
posit, that  has  practically  amounted  to  nothing  in  the  past.  Beyond 
question,  if  that  ore  were  crushed  it  could  be  concentrated  to  be  rich  in 
iron.   But  much  of  the  concentration  would  be  a  powder,  nothing  like 
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as  coarse  as  the  conceDtrates  of  the  Lake  Champlain  region.  What 
are  you  going  to  do  with  it?  Now  this  is  the  question  I  want 
to  ask :  Is  there  any  objection  to  putting  that  fine  stuff  in  the  form 
of  briquettes,  assuming  that  it  can  be  done  commercially  ?  Would 
the  fact  that  it  had  been  compressed  into  a  hard  block  make  it  more 
difficult  to  reduce  in  the  furnace  than  if  it  were  simply  in  the  shape 
of  lumps  ?  I  have  talked  to  a  good  many  people  about  this,  and 
they  could  not  give  me  any  positive  answer.  I  should  like  some  of 
our  members  to  give  their  views — first,  as  to  whether  there  is  any 
objection  to  putting  fine  rich  ore  into  briquettes  by  reason  of  its  be- 
coming less  reducible  in  the  furnace ;  and,  secondly,  as  to  what,  in 
their  opinion,  would  be  the  cost  of  so  doing.  '  Would  it  render  the 
product  unmarketable  ? 

The  President  :  It  has  been  the  intention  of  the  council  to  call 
a  discussion  upon  magnetic  separation  in  the  future,  but,  in  connec- 
tion with  Prof.  Smock's  paper  upon  New  Jersey,  where  the  feature 
of  magnetic  separation  will  have  so  much  to  do  with  the  future  of 
iron-ore  mining,  this  may  be  a  good  time  to  have  any  of  our  mem- 
bers answer  Mr.  Pechin's  inquiry.  As  preliminary  to  such  answer, 
I  will  merely  state  that  at  Edison's  works,  at  Ogden,  New  Jersey, 
they  are  now  crushing  their  ore  to  GO-mesh.  I  doubt  if  any  of  us 
will  claim  that  60-mesh  is  as  satisfactory  for  a  blast-furnace  as  6- 
mesh.  It  is  reported  on  excellent  authority  that  a  sale  of  100,000 
tons  of  that  60-mesh  concentrate  has  been  made  to  one  of  our  large 
steel  works,  for  blast-furnace  use. 

R.  W.  Raymond,  New  York  City :  The  paper  by  Mr.  Nau,  on 
experiments  made  at  the  Croton  magnetic  mines  with  the  Impera- 
tori  process,  indicates  a  use  for  these  fine  rich  ores  in  the  form  of 
briquettes,  and  gives  an  estimate  of  their  cost.  I  need  not  give  par- 
ticulars. The  paper  is  one  of  those  presented  at  this  meeting,  and 
printed  copies  are  here. 

A  very  interesting  point  is  suggested  by  the  remarks  of  Prof.  Smock 
and  the  comment  of  our  President  as  to  the  circumstance  that  in 
New  Jersey,  New  York  and  Pennsylvania  the  best  mines  are  the  old 
ones  begun  by  our  fathers.  It  seems  to  me  that  in  this  matter,  as  in 
a  good  many  others,  we  erroneously  exaggerate  the  skill  of  our  pre- 
decessors. Thus  we  hear  what  wonderful  steel  the  Japanese  and  the 
Tartars  could  m|ike,  and  how  we  have  not  got  so  as  to  make  steel  any 
better,  with  all  our  science;  and  now  we  are  led  to  infer,  from  the 
figures  given  by  Prof.  Smock,  that  our  forefathers  had  a  wonderful 
knack  of  finding  the  best  mines.  The  solution  seems  to  me  very  sim- 
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pie.  It  18  a  pure  case  of  "  the  survival  of  the  fittest."  You  cannot 
estinaate  the  amount  of  skill  involved  in  any  operation  of  metallurgy 
or  mining  by  the  ancients  until  you  take  into  consideration  the 
amount  of  waste,  failures  and  rejections.  Take,  for  instance,  Jap- 
anese steel,  which  is  still  made  aAer  the  ancient  method.  The  ingots 
produced  vary  indefinitely ;  so  that  nine  may  be  of  poor  quality, 
while  the  tenth  is  suitable  to  make  a  wonderful  sword.  The  re- 
markable result  you  see,  is  produced  by  great  variation  first,  and 
selection  afterwards.  This  is  the  natural  method,  but  not  the  sci- 
entific one.  Science  means  to  know  what  you  want  to  do,  and  to  go 
ahead  and  do  it,  and  not  have  a  scrap-heap  as  the  larger  part  of  your 
product.  Now  I  am  very  familiar  with  many  mines  in  New  Jersey, 
at  Ringwood  particularly,  and  about  Chester,  where  Messrs.  Cooper 
and  Hewitt  own  representatives  of  the  various  classes  to  which  Prof. 
Smock  has  referred.  On  the  Ringwood  estates  there  are  mines  pro- 
ducing high-grade  ore  in  large  bodies,  and  dating  back  more  than  a 
century.  But,  on  the  other  hand,  we  find  upon  that  tract  of  20,000 
acres  no  mine  our  forefathers  did  not  dig  into,  and  we  see  that  these 
big  mines  which,  still  surviving,  attract  attention  to-day,  are  simply 
a  few  out  of  the  innumerable  mines  which  they  found,  not  by  wit, 
but  by  blind  industry.  We  do  not  discover  any  new  attractions 
with  the  needle  that  were  not  already  found  by  the  old  Ringwood 
Company  away  back  before  the  Revolution.  Sometimes  we  strike 
into  underground  workings  of  theirs  of  which  we  had  no  record. 
They  prospected  everything,  and  hence  the  mines  that  are  still  good 
are  old,  of  course,  because  all  the  mines,  good  and  bad,  active  or 
abandoned,  are  old.  Our  forefathers  had  the  ordinary  common 
sense  to  prove  all  things  and  hold  fast  to  those  that  were  good.  But 
I  do  not  think  they  showed  any  mysterious  ability,  peculiar  to  them, 
in  the  discovery  of  good  mines.  It  seems  to  me  that  if  the  members 
of  this  Institute  were  turned  into  an  entirely  new  country  they  would 
probably  have  neither  more  nor  less  good  luck  than  our  fathers  had. 
They  would  dig  into  everything,  and  the  mines  that  turned  out  well 
would  be  prosecuted,  and  those  that  did  not  would  be  abandoned  ; 
and  somebody  might  say  in  future,  "What  wonderful  fellows  those 
were  that  found  nearly  all  the  good  mines  I" 

A.  B.  Wood,  Detroit,  Mich.:  Most  mines  that  turn  out  to  be  val- 
uable mines  declare  their  intentions  very  early  in  their  development. 
It  is  seldom  necessary  to  go  through  a  very  long  siege  of  prospecting 
to  find  what  makes  a  good  mine.  Subsequent  adventures  in  mining 
districts  are  very  often  started  on  the  basis  of  inferior  promises,  and 
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therefore  fail^  while  the  earlier  enterprises  keep  on  and  continue  to 
be  profitable. 

Mr.  Birkinbine  :  I  did  not  claim  any  peculiar  or  mysterious 
mental  characteristics  for  our  grandfathers^  but  drew  upon  a  knowl- 
edge of  the  history  of  mines  throughout  the  country,  and  of  instances 
where  excellent  ores,  of  a  quality  which  would  be  called  particularly 
good  now,  have  been  constantly  exploited  since  their  discovery  many 
years  ago.  When  compared  with  ore  from  other  mines  which  have 
been  opened  since,  we  find  the  selection  of  the  earliest  operators  seems 
to  have  been  made  with  a  great  deal  of  skill,  both  as  to  quantity 
and  quality.  Among  the  Lake  Superior  mines,  the  two  which 
claim  to  be  the  oldest  are  still  among  the  largest  and  best  produ- 
cers, and  some  of  the  latest  and  best  new  discoveries  have  portions 
of  the  older  operations. 


TEE  PHYSICAL  AND  CHEMICAL  EQUATIONS  OF  THE 

OPEN-HEABTH  PBOCESS. 

Diecaasion  at  the  Cleveland  Meeting,  June,  1891,  of  the  paper  presented  by  H.  H. 
Campbell,  at  the  New  York  Meeting,  September,  18U0. 

Henry  D.  Hibbard,  Pittsburgh,  Pa.:  This  is  a  most  interest- 
ing and  instructive  paper,  some  of  whose  lessons  should  find  im- 
mediate application.  It  points  out  how  fuel-consumption  is  to  be 
decreased  in  open-hearth  practice,  by  changes  in  the  plan  of  the  fur- 
nace. 

To  look  first  at  the  greatest  item  of  loss,  radiation,  it  is  seen  that 
thicker  brick- work  is  advisable  to  lessen  this.  Especially  is  this 
true  of  the  roof,  made  at  present,  almost  universally,  only  9  inches 
thick  to  prevent  cutting.  Now  that  high  roofs,  well  above  the 
course  of  the  flame,  are  becoming  general,  and  the  average  melter  is 
better  able  to  judge  the  temperature  of  his  furnace,  that  reason  has 
less  force ;  and  we  may  build  roofs  18  inches  thick,  or  perhaps  bet^ 
ter  cover  the  usual  9  inches  with  an  equivalent  layer  of  sand,  which 
has  the  advantage  of  following  the  arch  as  it  rises  and  falls  with  the 
different  degrees  of  heat. 

The  side- walls  of  the  hearth,  usually  13]^  inches  thick,  may  also 
be  thickened  up  to  18  inches,  and  the door-Iiuings  to  7  inches;  and 
the  heat  thereby  saved  will  be  valilable,  while  its  absence  from  the 
working-platform  will  be  much  appreciated  by  the  workmen. 
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To  reduce  the  temperature  of  the  outgoing  gases,  so  as  to  cause 
more  of  their  heat  to  be  returned  to  the  furnace,  the  regenerators 
must  be  made  larger.  This  will  also  lengthen  the  life  of  the  cast- 
iron  of  the  reversing- valves  and  dampers. 

With  this  increase  of  regenerative  capacity  and  lower  tempera- 
ture of  waste  gases  in  the  chimney,  the  height  of  the  latter  must  be 
increased  to  give  proper  draft,  while  its  diameter  may  be  decreased, 
as  the  cooler  gases  have  less  bulk. 

The  furnaces  at  Steelton,  from  which  Mr.  Campbell  draws  most 
of  his  data,  are  unique  in  their  construction  and  operation.  They 
are  quick  melters,  and  work  with  unusually  small  waste,  as  is  shown 
by  the  small  amount  of  FeO  in  the  slags,  just  aft^er  melting. 

The  reduction  of  metallic  iron  from  the  ore  is  also  unusual  in 
charges  having  so  low  a  proportion  of  pig  as  was  used  in  the  series 
of  nineteen  heats  given  in  Section  53,  and  is  probably  due  to  the 
same  causes  which  give  low  percentage  of  waste;  that  is,  unusually 
low  oxidizing  conditions.  The  rather  long  time,  two  and  a  half 
hours,  taken  in  burning  out  half  of  one  per  cent,  of  carbon,  and  the 
presence  of  several  points  of  manganese  before  tapping  the  steel,  tes- 
tify to  the  same  thing. 

In  most  works  where  pig  forms  not  more  than  one-quarter 
of  the  charge,  the  ore  added  serves  merely  as  a  source  and  carrier  of 
oxygen  to  the  bath,  and  not  as  a  source  of  iron,  none  being  reduced 
to  the  metallic  state.  It  is  a  source  of  oxygen  to  the  extent  of  giv- 
dng  up  that  made  available  in  reducing  the  higher  to  the  lower 
oxides.  After  this  initial  amount  of  available  oxygen  has  been  used, 
the  action  is  continued  by  the  continual  formation  of  the  higher  ox- 
ides FcjO^  or  FcjOj  at  the  upper  surface  of  the  slag  and  their  reduc- 
tion to  relatively  lower  oxides,  FeO  or  Fe304  at  the  lower  surface, 
where  they  come  in  contact  with  the  metal  as  the  mechanical  action 
of  boiling,  so  called,  keeps  the  slag  in  motion.  Without  boiling, 
oxidation  is  verv  slow. 

The  results  given  in  Section  60  c,  can  only  be  explained,  it  would 
seem,  by  assuming  that  the  samples  of  the  products  of  combustion  at 
the  top  of  the  gas-checkers  did  not  represent  the  average  of  the  gases. 
The  results  obtained  by  analysis  of  the  products  after  passing  the 
checkers  where  the  gases  have  been  considerably  mixed  are  more 
likely  to  be  reliable,  and  certainly  are  more  in  accord  with  what  one 
would  look  for. 

It  is  usually  expected  that  combustion  will  continue  down  into 
thecheckers;  but  to  keep  this  up,  there  must  be  oxygen  there  to  do 
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it.  It  is  not  there  in  the  form  of  steam,  for  no  increase  of  hydrogen 
is  seen  in  the  gases  after  passing  the  checkers.  Carbon  is  apparently 
taken  up  from  that  deposited  in  the  regenerators. 

It  seems  impossible  to  avoid  the  conclusion  that  the  products  of 
combustion  at  the  top  of  the  checkers  must  really  have  had  much 
more  oxygen  than  is  given,  and  that  therefore  the  samples  were  not 
representative.  The  theory  that  leakage  of  the  chamber-walls  sup- 
plillps  it  is  untenable. 

A  flame  is  necessarily  heterogeneous  in  composition,  but  the  course 
of  the  flame  through  the  furnace  is  quite  uniform.  Now  if  all  the 
samples  were  taken  from  one  place  it  might  happen  that,  at  that  par- 
ticular place,  by  reason  of  local  causes,  the  gas  and  air  had  mixed 
with  some  excess  of  gas  and  the  air  was  practically  wholly  consumed, 
while  elsewhere  oxygen  existed  in  large  excess. 

If  there  is  anything  in  this  idea,  it  could  be  found  out  by  repeat- 
ing the  work  with  samples  taken  from  different  places  at  the  top  of 
the  regenerators. 

Keferring  to  Section  80,  the  FeO  taken  from  the  bottom  should 
be,  with  regular  running,  oflset  by  t|ie  same  amount  left  in  the  fur- 
nace, and  may  therefore  be  disregarded.  This,  if  so,  will  reduce  the 
apparent  reduction  of  FeO  during  the  period  A  B.  Until  a  bottom 
is  old  and  thoroughly  impreguated  with  slag,  there  is  an  absorption 
of  slag,  and  consequently  of  FeO,  for  every  heat. 

Mr.  Campbell:  In  reply  to  the  remarks  of  Mr.  Hibbard,  I 
would  endorse  his  suggestions  concerning  thicker  roof  and  walls. 
It  will  be  urged  by  many  persons  of  practical  experience  that  this 
change  will  lessen  the  life  of  the  brickwork,  owing  to  the  absence  of 
cooling  conditions.  This  argument  is  of  less  value  than  is  generally 
believed.  The  wear  of  brickwork  on  the  inside  of  a  furnace  may  be 
due  to  any  or  all  of  at  least  four  causes. 

1.  An  excessive  temperature  throughout  the  melting-chamber, 
due  to  carelessness  or  ignorance  of  the  melter. 

2.  The  impact  of  a  wandering  tongue  or  point  of  flame  upon  some 
particular  area. 

3.  The  scorification  of  the  surface  due  to  the  fine  spray  of  metallic 
iron  which  is  spurted  upward  from  each  bursting  bubble  of  the  boil- 
ing bath.  These  minute  drops  burn  almost  immediately  and  the 
mist,  of  iron  oxide  produced  is  carried  along  by  the  moving  gases. 
Part  of  it  goes  down  the  portes  without  coming  into  contact  with  any 
surface  of  brickwork  until  the  temperature  of  the  environment  is  so 
low  that  no  chemical  interaction  follows,  and  the  only  effect  is  the 
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clogging  of  the  passages  in  the  checkers.  Part,  however,  is  wafted 
by  the  gaseous  currents  against  brickwork  at  such  a  high  tempera- 
ture that  chemical  union  occurs  with  formation  of  a  more  or  less 
liquid  slag. 

4.  The  scorification  due  to  the  globules  of  ore,  slag,  and  par- 
tially-oxidized metal  resulting  from  the  splash  in  adding  lumps  of 
ore  and  the  small  explosions  accompanying  their  incorporation  into 
the  slag. 

Against  none  of  these  agents  is  a  thin  wall  more  than  a  weak 
protection.  The  heat-conducting  power  of  brick  is  so  slight  that  a 
silica  brick  of  the  best  quality  will  melt  or  scorify  to  a  thickness  of 
one-eighth  of  an  inch  when  its  outer  surface  is  cooled  by  a  free  cir- 
culation of  air  or  by  contact  with  water-cooled  metal.  If  such 
action  can  take  place,  it  seems  almost  absurd  to  discuss  the  relative 
conductivity  of  nine  and  thirteen  inches.  The  instances  familiar  to 
every  practical  man  where  an  old,  thin  roof  has  resisted  wear  and 
tear  and  which  have  been  kindly  credited  to  radiation  and  conduction, 
will,  upon  careful  consideration,  be  found  due  to  a  reduced  intensity 
of  working  in  the  last  of  the  run,  or  to  more  careful  watching  of 
known  weakness.  In  any  event,  they  can  be  paralleled  by  other 
cases  where  a  new  roof  has  lasted  an  equal  number  of  charges  and 
been  found  "  as  good  as  new."  It  will  happen,  however,  in  the 
case  of  a  large  area  of  thin  overhanging  roof,  that  the  covering  of 
a  spot  with  brick  or  sand  will  result  in  the  collapse  of  the  area  thus 
treated.  But  it  will  often  be  found  that  this  comes  not  from  in- 
creased wear  beneath  the  covering,  but  to  the  heating  and  softening 
of  the  bricks  through  the  outer  surface,  the  consequent  weakening 
of  the  arch  at  the  spot  by  the  absence  of  the  cool  and  strong  outer 
skin  that  existed  before,  and  the  concentration  upon  the  weak  spot 
of  the  movements  arising  from  expansion  and  contraction.  This 
would  be  the  danger  in  using  a  sand  covering.  The  objection  does 
not  apply  to  a  roof  of  increased  thickness  properly  built  of  brick. 

If  the  furnace  is  overheated,  the  roof  will  "string"  impartially  in 
the  place  where  it  is  two  inches  and  where  it  is  nine  inches.  If  the 
point  of  flame  impinges  steadily  against  a  spot,  it  will  matter  little 
whether  that  place  is  one  inch  or  twenty  in  thickness.  Under  the 
conviction  of  the  above  reasoning,  the  writer  more  than  two  years 
ago  designed  and  operated  a  furnace  with  walls  and  roof  from  thirteen 
to  thirty-six  inches  in  thickness,  and  experience  has  confirmed  the 
correctness  of  the  argument. 

Mr.  Hibbard  mentions  the  indirect  oxidation  of  the  carbon  and 
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other  elements  throagh  the  successive  formatioD  and  reduction  of 
different' oxides  of  iron.  The  author  is  also  in  receipt  of  a  private 
communication  from  Mr.  A.  D.  Elbers,  regarding  this  action, 
advancing  arguments  which  may  be  briefly  summarized  as  follows: 
Since  oxidation  is  carried  on  by  Fe^Ox,  the  calculations  for  internal 
combustion  should  be  modified,  as  the  action  is  mainly  superficial 
and  the  heat  produced  is  carried  away  by  the  flame.  It  will  also 
follow  that  the  calorific  power  produced  is  less  than  the  original 
calculation  by  the  amount  necessary  to  dissociate  the  iron  oxide. 

In  regard  to  the  above  issues,  the  author  would  say  that  he  was 
neither  ignorant  nor  heedless  of  the  fact  of  oxidation  through  the 
mediation  of  iron  oxide.  The  seeming  neglect  to  dilate  upon  the 
point  was  due  to  two  reasons  : 

First.  The  difficulty  if  not  impossibility  of  obtaining  definite  and 
quantitative  data. 

Second.  The  belief  that  these  transitory  conditions  do  not  vitally 
affect  the  general  thermal  equation. 

It  should  however  be  acknowledged  that  the  criticism  of  Mr. 
Elbers  is  very  just,  albeit  it  arises  from  a  careless  use  of  words  by 
the  author,  rather  than  a  scientific  error.  By  the  phrase  '^  heat  from 
internal  combustion  '^  was  meant  not  simply  the  combustion  in  the 
mass  itself,  for  no  one  would  suppose  that  carbon  would  oxidize  to 
carbonic  acid  in  the  interior  of  the  bath.  The  condition  which  it 
was  intended  to  designate  was  the  heat  produced  by  the  combustion 
of  the  elements  of  the  bath.  Whether  these  are  burned  directly  and 
whether  they  are  burned  in  the  metal  or  as  gases  in  the  combustion 
chambers,  cannot  alter  the  sum  total  of  the  power  which  they  must 
produce  and  which  will  exhibit  itself  somewhere. 

From  the  time  the  gas  enters  the  flue  of  the  chamber  until  it  goes 
into  the  stack — from  the  time  the  metal  is  charged  in  the  doors  until 
it  flows  from  the  tap-hole — there  is  a  constant  atomic  interchange 
between  the  elements  involved.  The  journey  of  oxygen  through 
iron  to  carbon,  is  but  one  of  them.  The  very  oxygen  so  transferred 
was  probably  taken  by  the  iron  from  carbonic  acid,  since  little  free 
oxygen  should  be  present  on  the  surface  of  the  bath.  A  new  calcu- 
lation would  therefore  be  indicated  for  the  calorific  value  of  such 
combustion.  The  complicated  equations  cannot  be  written  which 
would  record  the  chemical  and  thermal  histories  of  the  lower  and 
higher  oxides  of  carbon,  manganese  and  iron.  All  this  is  unneces- 
sary. Heat  given  to  the  gases  is  taken  up  in  the  regenerators  and 
sent  back  on  the  next  reversal,  or  appears  in  the  products  of  com- 
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bastion  in  the  stack.  The  reaction  may  alter  the  position  in  time 
or  space  of  certain  minor  factors,  but  thej  cannot  alter  the  snm  total 
of  heat  produced  from  a  given  amount  of  actual  and  potential  power 
without  a  violation  of  the  law  of  the  conservation  of  energy. 

Mr.  Hibbard's  remarks  concerning  the  absorption  of  FeO  by 
the  bottom  during  the  first  few  charges  and  the  subsequent  absence 
of  any  appreciable  secretion  or  contribution,  are  perfectly  true  of 
ordinary  acid  open-hearth  work;  but  a  reference  to  sections  69 
and  70  will  show  that  the  estimates  of  amounts  of  FeO  taken  from 
the  bottom  are  not  founded  on  a  neglect  of  the  above  general  facts 
but  on  a  quantitative  estimate  of  a  special  history  of  deposition  and 
erosion  of  infusible  slag  in  basic  practice. 

A  point  which  should  have  been  considered  in  the  original  paper 
is  the  loss  of  iron  in  the  shape  of  metallic  globules  in  the  slag.  De- 
terminations of  the  amount  of  shot  in  various  samples  of  basic  slag 
gave  the  following  results  : 

1st  sample,  3.3  per  cent.  2d  sample,  6.0  per  cent.  3d  sample, 
6.6  per  cent.     4th  sample,  9.9  per  cent. 

The  first  sample  was  from  a  thin  slag  ;  the  second  and  third  from 
slags  of  medium  viscosity ;  the  fourth  was  the  deposit  formed  on 
the  upper  part  of  the  ladle  by  the  spatterings  of  an  average  charge. 
It  will  be  seen  from  section  72  that  the  amount  of  slag  obtained  was 
as  follows  : 

First  series,  .... 
Second  series,  .... 
Third  series,      .... 

Since  the  average  slag  contains  from  5.0  to  6.6  per  cent,  of  shot, 
and  since  the  weight  of  slag  is  about  16  per  cent,  of  the  charge,  it 
is  evident  that  in  this  basic  work  there  was  thus  carried  away  in 
metallic  globules  from  three-quarters  of  one  per  cent,  to  one  per  cent, 
of  the  total  charge. 

In  acid  work  the  loss  is  not  as  heavy.  Two  determinations  of 
ordinary  acid  slag  gave  shot  content  as  two  hundredths  of  one  per 
cent,  of  the  weight  of  slag.  The*  percentage  of  metal  lost,  would  be 
only  about  one  twelfth  of  this,  or  an  amount  too  small  to  be  worthy 
of  notice. 


Metal. 

81a«. 

Per  cent. 

73,600 
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187,720 

30,780 
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BY  JOHN  W.   LANGLET,  PITrSBURGH,  PA. 

(Cleyeland  Meeting,  June,  1891.) 

The  papers  of  Mr.  W.  J.  Keep,  read  before  this  Institute,  have 
called  attention  to  the  influence  of  aluminum  in  cast-iron  and  on 
iron  and  steel  castings.  The  information  in  these  papers  is  inter- 
esting and  valuable,  as  showing  the  modifications  which  iron  under- 
goes when  dosed  with  suiBcient  aluminum  to  form  a  distinct  alloy, 
the  quantity  of  the  alloying  metal  used  being  such  that  the  amount 
remaining  in  the  casting  is  sufficient  to  be  readily  discovered  by 
analysis.  The  same  is  also  true  of  the  so-called  aluminum-steel 
patented  by  R.  A.  Hadfield,  where  the  proportions  specified  are  such 
as  to  leave  in  the  finished  steel  from  one-twentieth  to  one-tenth  of 
one  per  cent,  of  aluminum. 

Whether  these  alloys  are  of  practical  utility  or  not  has  thus  far 
not  been  proved  by  any  extended  tests  on  a  large  scale,  and  until 
such  evidence  is  forthcoming  it  may  be  safely  held,  provisionally, 
that  such  a  use  of  aluminum  is  of  doubtful  utility.  But  there  is 
another  function  which  this  metal  can  perform  that  has  been  known 
for  some  time,  and  which  has  passed  beyond  the  experimental  stage, 
viz. :  its  beneficial  effect  in  securing  sound  ingots. 

It  appears  to  be  a  general  property  of  all  metals  when  in  the 
fluid  state  and  at  a  temperature  considerably  above  their  points  of 
fusion,  to  contain  gas,  either  dissolved  from  the  air  or  from  the  fur- 
nace, or  else  self-evolved  by  internal  reactions.  Silver,  perhaps, 
shows  this  power  in  the  highest  degree,  and  mercury  and  lead  in  the 
least ;  midway  stands  steel — the  quantity  of  gas  which  it  can  hold 
in  solution,  or  "  occlusion  "  as  it  has  been  called,  varies  with  its 
temperature,  its  composition,  and  its  mode  of  manufacture.  When 
the  steel  sets  in  the  mould,  a  portion  of  this  gas  escapes,  causing 
blow-holes,  surface  defects,  boiling-over,  wildness,  and  quite  a  long 
train  of  troubles,  familiar  to  all  practical  steel-makers. 

Ferro-silicon  has  long  been  used  as  a  quieting  agent.  The  first 
extended  use  of  it  for  this  purpose  was  made  at  Terre-Noire,  in 
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France,  some  10  years  ago ;  now  it  has  been  discovered  that  alumi- 
num will  bring  about  the  same  general  result^  only  far  more 
effectively^  and  without  leaving  any  appreciable  portion  of  itself 
in  the  finished  steel. 

The  writer  does  not  know  to  whom  the  honor  of  this  discovery 
is  due.  Aluminum  has  been  used  in  this  country  and  in  England 
to  quiet  steel,  so  that  to-day  it  is  being  used  regularly  for  this 
purpose  by  the  few  steel-makers  who  have  learned  to  rely  on  its 
beneficial  influence.  Its  employment  is  extending,  and  will  certainly 
grow  in  proportion  as  the  knowledge  of  its  power  is  disseminated, 
for  there  is  nothing  which  can  compare  with  it  in  efficiency,  sim- 
plicity, and  certainty  of  action ;  besides,  it  has  the  great  advantage 
over  silicon,  that  no  sensible  quantity  of  it  need  be  left  in  the 
metal^  and  if  used  properly  no  impairment  of  the  steel  ever  takes 
place. 

The  practice  in  pouring  ingots  is  as  follows  :  The  aluminum,  in 
small  pieces  of  a  quarter-  or  half-pound  weight,  is  thrown  into  the 
ladle  during  the  tapping,  shortly  after  a  small  quantity  of  steel  has 
already  entered  it.  The  aluminum  melts  almost  instantaneously, 
and  diffuses  with  gceat  rapidity  throughout  the  contents  of  the  ladle. 
The  diffusion  seems  to  be  complete,  for  the  writer  has  never  seen  the 
slightest  action  indicating  want  of  homogeneity  of  mixture — all  of 
the  ingots  poured  from  one  ladle  being  precisely  alike  so  far  as  the 
specific  action  of  the  aluminum  was  concerned. 

The  quantity  of  aluminum  to  be  employed  will  vary  slightly  ac- 
cording to  the  kind  of  steel  and  the  results  to  be  attained.  For 
open-hearth  steel,  containing  less  than  0.60  per  cent,  carbon,  the 
amount  will  range  from  5  to  10  ounces  per  ton  of  steel.  For  Bes- 
semer steel  the  quantities  should  be  slightly  increased,  viz. :  7  to  16 
ounces.  For  steel  containing  over  0.50  per  cent,  carbon,  aluminum 
should  be  used  cautiously ;  in  general  between  4  and  8  ounces  to  the 
ton.  If  these  statements  are  put  in  the  form  of  percentages,  it  will 
at  once  be  seen  how  extremely  minute  is  the  quantity  of  aluminum 
which  causes  such  marvellous  results — for  the  numbers  are : 

Four  ounces  equals  0.0125  per  cent.  .        .        .        ,  =  -^^ 

Five  ounces      "       0.0166       "  ....  =  ^-J^jt 

Eight  ounces    "       0.02»'^0       "  .        .        .        .  =  ^^ 

Sixteen  ounces "       0.0600       "  .        .        .        .  =  ys^^ 

To  explain  the  reason  of  the  ranges  in  the  limits  given  for  the 
amounts  of  aluminum  which  experience  has  shown  to  be  effective, 
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a  slight  discassiou  of  the  theories  of  its  action  may  not  be  out  of 
place. 

The  gas  contained  in  melted  steel  seems  to  be  held  by  two  distinct 
forces,  or  perhaps  it  would  be  better  to  say  by  one  force  manifesting 
itself  in  two  degrees.  First,  there  is  apparently  a  part  of  the  gas  held 
in  simple  solution,  which  begins  to  escape  the  instant  the  metal  is 
tapped  or  mechanically  agitated,  either  within  or  without  the  furnace. 
This  may  be  compared  to  the  carbonic  acid  which  causes  the  effer- 
vescence of  soda  water  as  it  escapes  from  the  hydrant  of  the  druggist. 
In  this  case  the  foaming  is  due  to  a  release  of  pressure,  while  in  the 
steel  it  is  owing  to  a  commencement  of  cooling.  Second  :  another 
part  of  the  gas  is  perhaps  really  occluded  ;  at  any  rate  it  is  not  given 
off  till  the  steel  begins  to  crystallize.  It  is  this  portion  which  causes 
most  of  the  blow-holes,  and  makes  vnld  steel ;  it  may  be  compared 
to  the 'dissolved  air  in  water^  which  causes  the  bubbles  that  nearly 
all  surface-ice  shows.  The  weight  of  this  air  cannot  exceed  ^^^^^y 
of  that  of  the  water,  and  yet  it  is  sufficient  to  render  ice  ^'  unsound" 
in  the  steel-maker's  sense  of  the  word. 

To  show  how  very  little  gas  will  make  the  difference  between  a 
good  ingot  and  a  bad  one,  the  writer  tried  the  following  experiment : 
A  mixture  which  would  slowly  give  off  gas  when  heated  was  spread 
in  a  thin  layer  on  the  interior  of  a  mould  destined  to  make  a 
90-pound  steel  ingot.  The  metal  was  such  that  in  a  clean 
mould  a  sound  ingot,  having  the  necessary  indication  of  sound- 
ness, viz. :  a  pipe — ^that  is,  a  conical  central  cavity  extending 
from  the  top  to  about  one-fourth  of  the  length  down — would  have 
been  formed.  In  the  prepared  mould,  however,  not  only  was  there 
no  pipe,  but  the  ingot  boiled  and  rose  some  two  inches.  On  breaking 
it  it  was  full  of  large  blow-holes.  Now  the  mixture  on  the  interior 
of  the  mould  could  not  have  produced  more  than  30  cubic  inches  of 
gas  if. it  had  all  been  set  free ;  this  would  have  been  only  g^^g^^  of 
the  weight  of  the  ingot. 

It  is  apparent,  then,  that  the  actual  weight  of  the  gas  given  off  at 
the  moment  when  the  steel  "  sets  *'  or  crystallizes,  is  exceedingly 
small,  yet  its  evil  effect  is  very  great.  The  aluminum  appears  to  act 
on  this  retained,  dissolved,  or  occluded  gas,  and  in  some  way  pre- 
vents it  from  being  liberated.  Granting  that  the  aluminum  does 
really  operate  on  this  portion  of  the  gas,  we  need  not  be  surprised 
at  the  small  quantity  of  the  metal  necessary  to  be  used,  because  the 
agent  on  which  it  acts  is  present  in  a  still  smaller  proportion.  The 
practical  effect,  however,  is  none  the  less  wonderful  when  we  see  an 
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ingot  which  would  have  boiled  over  to  the  extent  of  one-foarth  of 
its  volume  in  the  absence  of  a  stopper,  perfectly  quieted  so  that  it 
licQ  dead  in  the  mould  without  stopper  or  sand,  from  the  effect  of 
one  half-pound  of  aluminum. 

The  very  thoroughness  with  which  the  work  is  done  constitutes 
a  danger  to  be  guarded  against  in  the  use  of  aluminum,  that  of 
causing  excessive  piping.  Most  crystalline  bodies  when  they  pass 
from  the  fluid  to  the  solid  state,  provided  they  are  free  from  con- 
tained gas,  form  pipes  when  cast  into  moulds ;  the  amount  of  the 
pipe  is  dependent  on  the  nature  of  ^the  substance,  on  the  way  it  is 
poured,  and  on  the  form  of  the  mould.  This  is  easily  seen  in  zinc, 
steel,  some  kinds  of  brass,  indeed  most  metals  and  alloys,  also  in 
non-metallic  substances,  as  stearic  acid,  paraffine,  sulphur,  etc.  If 
there  is  also  gas  present  the  disposition  to  pipe  is  lessened  with  the 
concomitant  tendency  to  form  blow-holes. 

It  seems  to  be  inevitable  in  steel  practice  that  either  a  pipe  or 
blow-hole  should  be  formed.  Now  it  would  appear  that  the  best 
results  are  attained  when  the  joint  effect  of  both  pipe  and  holes  is 
reduced  to  a  minimum ;  this  is  secured  by  using  just  enough  of  the 
quieting  agent  to  allow  the  top  of  the  ingot  to  rise  a  little  and, 
therefore,  to  leave  in  it  only  a  small  pipe.  By  this  procedure  the 
slight  inevitable  unsoundness  will  be  generally  confined  to  the  top 
of  the  ingot. 

Since  the  quantity  of  aluminum  to  be  used  varies  with  the  initial 
wildness  of  the  steel,  as  well  as  on  its  temperature  and  on  the  size 
of  the  mould,  it  is  apparent  that  each  steel-maker  must  determine 
the  best  proportions  for  himself,  but  it  is  believed  the  limits  pre- 
viously given  of  from  4  to  16  ounces  of  aluminum  to  the  ton  of  steel 
will  cover  all  cases  likely  to  arise  in  practice. 

Two  theories  have  been  advanced  to  account  for  this  action  of 
aluminum ;  one  of  them  is  that  the  metal  acts  by  taking  oxygen 
away  from  the  carbon  oxides  dissolved  in  the  steel,  thus  changing 
the  gas  into  two  solid  products,  carbon  and  aluminum  oxide.  The 
other  view  holds  that  aluminum  and  silicon  each  act  by  in- 
creasing the  solubility  of  the  gases  in  the  steel,  so  that  none  will  be 
given  off  at  the  moment  of  setting. 

The  arguments  for  these  views  are  briefly  these :  When  only  a 
small  quantity  of  aluminum  is  used,  say  four  ounces,  it  is  difficult 
or  impossible  to  find  it  in  the  resulting  steel.  If  larger  amounts  are 
taken,  the  portion  remaining  in  the  steel  is  always  small,  and  in 
this  case  a  faint  whitish  blush  of  aluminum  oxide  can  often  be  seen 
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in  the  interior  of  the  pipe,  or  even  on  the  surface  of  the  ingot,  thus 
proving  some  oxidation  of  the  metal.  On  the  other  band,  the  ad*- 
berents  of  the  solution  tbeory  point  to  the  undoubted  fact  of  hy- 
drogen being  found  occluded  in  steel,  also  nitrogen  and  perhaps 
other  non-oxidized  gases;  these  they  say  can  neither  combine  with 
aluminum  to  form  hydrides  and  nitrides,  nor  can  the  metal  decom- 
pose them  since  they  are  elementary  bodies. 

May  it  not  be  the  c£(se  that  both  of  these  views  are  partly  correct? 
Two  facts  would  seem  to  indicate  it,  because  when  the  minimum  of 
4  ounces  is  used  no  external  coating  is  seen  on  the  ingots ;  on  the 
other  hand,  when  enough  aluminum  is  taken  to  produce  the  coating 
the  ingots  are  always  piped  very  deep,  and  they  are  more  liable  to 
defects  from  surface  pits  and  scales,  owing  to  the  infusible  film  of 
aluminum  oxide.  It  may  be  taken  as  a  safe  rule  that  when  the 
alumina  coating  can  be  seen  on  the  surface  of  an  ingot  too  much  of 
the  metal  has  been  taken  and  the  limit  of  benefit  has  been  over- 
passed. 

One  unexpected  action  of  aluminum  has  quite  recently  been  dis- 
covered by  Mr.  George  G.  McMurtrie,  President  of  the  Apollo  Iron 
and  Steel  Company,  viz.,  that  it  could  be  made  to  replace  manganese. 
This  seems  to  me  to  be  a  wholly  new  fact  in  the  metallurgy  of  steel, 
for  this  gentleman  has  rolled  ingots  down  to  thin  sheets  by  using  one 
half-pound  of  aluminum.  The  sheets,  samples  of  which  are  before 
you,  show  either  no  manganese  or  only  traces ;  none  was  added  in 
the  process  of  manufacture. 

I  quote  from  a  recent  letter  received  from  Mr.  McMurtrie: 

'^  I  take  great  pleasure  in  stating  that  we  were  quite  successful  in 
making  a  heat  of  open-hearth  steel  without  the  use  of  manganese, 
and  send  you  by  express  two  bars  and  two  sheets  which  you  will 
notice  were  successfully  rolled. 

^'  Having  watched  the  operation  clear  through  from  the  charging 
of  the  furnace  to  the  casting  of  the  ingots,  which  were  subsequently 
hammered  from  12  x  12  inches  down  to  6  x  6  inch  billets,  then 
rolled  into  sheet  bars  and  then  into  sheets,  I  can  say  without  hesita- 
tion that  the  entire  operation  was  a  practical  success.  Our  ingots 
were  as  solid  as  any  we  have  ever  made.  The  molten  steel  lay  as 
quiet  in  the  mould  as  water. 

"  In  hammering  we  took  a  strong  heat,  having  the  billet  finished 
before  the  red  short  danger  line  (cherry-red)  was  reached.  The 
sheet  bar  was  rolled  without  the  slightest  difiSculty  or  excessive 
waste,  and  the  only  contingency  in  rolling  the  sheets  was  the  extra 
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loss  of  4  inches  in  width,  which  was  caused  by  the  steel  cracking  to 
that  extent  more  than  is  usual  with  our  ordinary  material. 

''The  amount  of  aluminum  used  in  the  ladling  was  a  fraction 

over  a  half-pound  per  ton  of  steel We  have  sent  samples  of 

this  material  to  Prof.  Thompson,  Electrical  Engineer  of  the  Cornell 
University,  to  test  for  electrical  purposes." 

In  a  subsequent  letter  Mr.  McMurtrie  Says :  "  We  rolled  a  lot  of 
No.  30  gauge  sheets  a  few  days  ago  from  steel  made  by  substituting 
aluminum  for  manganese,  and  must  say  that  the  rolling  was  done  in 
a  most  satisfactory  manner,  showing  that  for  any  purpose  when 
manganese  is  an  objection  its  use  may  be  avoided  by  substituting 

one-half  pound  of  aluminum  per  ton  of  steel I  might  also 

mention  that  one-half  pound  of  aluminum  will  so  affect  20  tons  of 
molten  zinc  as  to  make  a  marked  difference  in  the  appearance  of 
galvanized  sheet-iron,  and  continues  to  show  its  effect  for  probably 
2  to  3  hours  while  constantly  dipping  the  sheets.  As  soon  as  the 
effect  becomes  unnoticeable  3  ounces  will  restore  the  peculiar  lustre. 

What  little  we  have  done  has  been  prompted  by  an  instinctive 
feeling  that  it  cannot  injure  the  quality  of  any  other  metal  when 
used  carefully,  while  the  chances  are  in  favor  of  making  a  decided 
improvement  from  the  fact  that  it  will  make  any  metal  more  fluid 
and  castings  more  solid." 

These  observations  of  Mr.  McMurtrie  show  a  novel  use  for 
aluminum. 

In  conclusion,  the  writer  believes  that  the  use  of  aluminum  in 
steel  ingots  for  quieting  purposes  is  not  covered  by,  and  does  not 
infringe  the  Hadfield  patent. 

The  claims  of  Hadfield  for  his  aluminum-steel  require  that  one- 
twentieth  to  one-tenth  of  1  per  cent,  should  remain  in  the  steel  as 
an  alloy.  This  would  be  16  to  32  ounces  to  the  ton  as  a  residual 
quantity,  while  it  will  be  seen  the  amounts  used  for  the  purpose  of 
quieting  steel  are  less  than  the  minimum  limit  claimed  in  the  Had- 
field patent. 

Discussion. 

R.  W.  Raymond,  New  York  City :  I  would  call  attention  to 
the  very  interesting  discussion  of  Mr.  Hadfield's  paper  on  "  Alumi- 
num-Steel," which  will  be  reprinted,  with  the  paper  itself,  in  vol. 
xix.  of  the  Transactions.  Among  the  contributions  to  that  discus- 
sion is  one  by  Prof.  J.  O.  Arnold,  of  Sheffield,  England,  parts  of 
which  may  be  considered  as  a  spontaneous  and  independent  indorse- 
ment of  Prof.  Langley's  conclusions  {Trans,,  xix.,  1088). 
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Prop.  Langley  :  I  have  seen  the  paper,  but  not  the  discus- 
sion. 

Henry  D.  Hibbard,  Pittsburgh,  Pa. :  I  would  ask  Prof.  Lang- 
ley  what  he  considers  becomes  of  the  additional  shrinkage  that  he 
shows  in  the  top  of  his  ingot. 

C.  E.  Stafford,  Pittsburgh,  Pa. :  I  would  also  like  to  ask  Prof. 
Langley  as  to  the  amount  of  sulphur  and  phosphorus,  since  that 
would  have  considerable  to  do  with  the  behavior  in  rolling ;  and  also 
as  to  his  whole  ingots,  whether  he  has  broken  them,  and,  if  there 
are  any  blow-holes  in  them,  in  what  sections  they  appear;  also 
whether  he  has  analyzed  different  portions  of  the  ingots,  and  whether 
there  is  any  separation  of  the  sulphur  and  phosphorus,  so  as  to  make 
a  difference  between  the  outside  and  the  inside? 

Prof.  Langley:  The  greater  part  of  the  blow-holes  will  be 
found  above  the  horizontal  plane  passing  through  the  middle  of  the 
pipe.  I  have  broken  quite  a  numl)er  of  ingots,  and  while  most  of 
the  blow-holes  are  there,  I  am  bound  to  say  that  occasionally  you  do 
find  them  down  below.  As  to  what  becomes  of  the  additional 
shrinkage,  that  is  a  difficult  question.  I  will  answer  it,  therefore, 
by  a  provisional  hypothesis.  When  enough  aluminum  is  put  in,  so 
that  there  is  no  rise  of  the  top  of  the  ingot,  the  cavity  of  the  pipe 
represents  the  shrinkage,  due  probably  to  the  difference  of  tempera- 
ture between  the  fluid  metal  and  the  metal  after  solidification.  When 
enough  gas  is  allowed  to  stay  in  the  ingots  so  as  to  cause  incipient 
boiling,  there  is  always  a  rise  here  (indicating  on  blackboard);  also 
a  portion  lying  between  the  apex  of  the  pipe  and  the  top  of  the  ingot. 
Of  course,  there  is  the  same  total  amount  of  shrinkage  there  in  both 
cases. 

Mr.  Stafford's  other  question  refers,  I  suppose,  to  those  plates  of 
Mr.  McMurtrie's.  Those  were  sent  to  me  only  a  short  time  ago.  I 
have  only  made  the  analysis,  the  figures  of  which  I  have  given.  I 
understand  from  him  that  it  is  the  regular  stock  that  he  is  normally 
producing  in  the  ordinary  use  of  manganese,  only  that  in  this  case 
no  addition  of  manganese  was  made,  but  in  place  of  it  the  half- 
pound  of  aluminum  per  ton  was  put  in.  I  have  not  made  an 
analysis  of  this  material,  nor  have  I  made  an  analysis  of  the  ingots 
to  ascertain  whether  there  was  any  more  segregation  of  sulphur  and 
phosphorus  in  an  aluminous  than  in  an  non-aluminous  ingot. 

JoHis  G.  Speer,  Pittsburgh,  Pa. :  Can  Prof.  Langley  say  whether 
aluminum  has  been  tried  in  boiler-plate  steel,  and  how  it  affects  the 
tensile  strength  and  the  reduction  of  area?     It  seems  to  me  that  the 
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advantage  of  having  solid  ingots  for  boiler-plates  is  very  great  in- 
deed ;  and  while  we  accept  the  candid  admission  that  aluminum  does 
not  remedy  surface-defects,  at  the  same  time  the  getting  a  thoroughly 
solid  ingot  would  be  a  very  great  point  with  us. 

Prof.  Langley:  The  steel  which  I  have  been  interested  in 
making  has  all  been  destiped  ultimately  for  machinery  or  for  tools. 
Therefore,  I  do  not  know  how  it  would  work  in  boiler-plate.  In 
the  majority  of  cases  the  carbon  was  over  fifty-hundredths. 

R.  C.  Cole,  Cleveland,  O. :  I  would  like  to  have  Prof.  Langley 
say  whether  this  work  that  he  did  and  that  of  Mr.  McM urtrie  was 
done  in  pure  aluminum  or  with  a  mixture  of  pure  aluminum  and 
ferro-aluminum  ?  Both  metals  are  sold  on  the  market,  and  both  are 
used  for  this  purpose. 

Prof.  Langley  :  The  work  in  both  cases  was  done  with  so- 
called  commercially  pure  aluminum,  containing  upwards  of  95  per 
cent,  of  the  metal. 

Mr.  Cole:  In  a  conversation  which  I  had  with  Mr.  Morris  in 
Pittsburgh,  about  five  months  ago,  he  told  me  that  he  believed  he 
could  use  aluminum  in  the  place  of  manganese  to  a  large  extent; 
and  two  or  three  weeks  ago  he  told  me  that  the  results  of  his  work 
up  to  that  time  were  very  satisfactory,  but  that  he  was  not  prepared 
then  to  give  any  data  about  it.  Prof.  Langley  says  he  does  not  know 
to  whom  the  honor  is  due  of  making  this  discovery  of  the  use  of 
aluminum  in  steel.  Apropos  of  this  meeting  in  Cleveland,  I  would 
like  to  say  that  I  think  the  first  work  that  was  ever  done  in  the 
matter  of  trying  to  remove  blow-holes  from  steel  by  means  of  alu- 
minum was  done  here.  Whether  it  had  been  done  before  abroad  or 
not,  I  am  not  aware,  but  it  was  done  at  the  Cleveland  Rolling 
Mills.  I  had  the  pleasure  of  being  present  at  the  experiment.  We 
made  some  castings  in  sand  from  an  open-hearth  furnace  of  steel  to 
be  rolled  into  plates,  and  we  added  to  one  cast  about  one-twentieth 
of  one  per  cent,  of  aluminum  before  pouring  into  the  mould,  while  we 
took  steel  from  the  same  bath,  without  adding  the  aluminum,  and 
poured  it  into  other  moulds,  and  we  distinctly  saw  a  great  difference. 
The  blow-holes  in  the  ordinary  steel  all  seemed  to  be  radial ;  the 
samples  were  cylindrical,  and  the  blow-holes  seemed  to  be  radial  and 
at  the  periphery.  And  in  the  case  of  the  aluminum,  it  was  per- 
fectly solid  in  every  case.  There  was  not  a  blow-hole  to  be  seen 
anywhere,  while  in  every  case  where  the  aluminum  was  not  used 
the  blow-holes  were  very  marked.  That  was  done  in  the  early  part 
of  1886,  at  the  Cleveland  Boiling  Mills. 
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GuiLLiAEM  Aektsen,  Latrobe,  Pa.  (communication  to  the  Sec- 
retary) :  I  think  the  experimental  furnace  of  Mr.  Ostberg,  at 
Worcester,  Mass.,  was  in  operation  before  1886.  The  Cleveland  ex- 
periment seems  to  have  been  antedated  also  by  Mr.  R.  W.  Daven- 
port, then  Superintendent  of  the  Midvale  Steel  Works,  Philadel- 
phia. Mr.  Davenport  made,  December  26, 1886,  a  number  of  ingots 
of  crucible-steel  to  which  aluminum  had  been  added,  and  July  27, 
1886,  he  conducted  a  more  elaborate  experiment  in  the  open-hearth, 
with  very  marked  and  interesting  results.  See  Howe's  '^  Metallurgy 
of  Steel,'^  p.  87,  foot-note. 

W.  J.  Keep,  Detroit,  Mich. :  I  have  said,  in  my  paper  already 
published  in  the  Transactions,  all  that  I  have  to  say  on  the  effect  of 
aluminum  in  iron  and  steel.  I  may  here  mention,  in  addition,  a 
little  experiment,  which  shows  how  directly  aluminum  mixes  with 
iron.  I  took  a  ladle  of  cast-iron  and  threw  on  top  of  the  molten 
metal  a  piece  of  aluminum  (one  of  the  first  pieces  of  pure  aluminum 
I  had)  that  was  about  the  size  of  a  pea.  Instantly  it  permeated  the 
whole  mass  and  set  the  metal  boiling,  of  course  liberating  the  impu- 
rities; but  unfortunately  the  impurities  were  carried  down  into  the 
metal  again  by  the  violent  boiling.  This  metal  was  poured  out  into 
the  mould,  and  60  pounds  more  were  caught  in  the  same  kettle,  and 
the  action  of  the  aluminum  remaining  was  exactly  the  same,  so  far 
as  I  could  detect,  as  in  the  first  ladle.  After  that  another  60  pounds 
was  caught,  and  the  action  was  less  marked,  but  it  still  appeared, 
and  even  a  slight  film  was  apparent  upon  the  surface  of  the  metal. 
It  seems  to  me  this  ought  to  settle  the  question  whether  aluminum 
will  form  a  perfect  union  with  iron  in  any  shape.  The  same  thing 
was  apparent  in  an  experiment  at  the  Michigan  Stove  Co.'s  Works, 
where  we  took  a  crucible  holding  80  pounds  of  molten  raw  iron  and 
put  in  successive  additions  of  aluminum.  Each  time  it  immediately 
went  through  the  whole  mass ;  and  the  metal,  even  after  the  sixth 
addition — ^although  the  crucible  stood  on  a  cold  iron  platform — 
seemed  to  be  much  more  fluid  than  it  was  when  first  poured. 
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INTERNATIONAL  STANDARDS  FOR  THE  ANALYSIS  OF 

IRON  AND  STEEL. 

[In  continuation  of  the  Paper  presented  at  the  Pittsburgh  International  Session, 
October,  1890,  and  printed  in  T^rwMajctWM^  xix.,  614.] 

BY  JOHN  W.   LANGLEY,   PITTSBURGH,   PA. 
(Cleyeland  Meeting,  June,  1891.) 

In  the  report  of  the  American  Committee,  made  last  October, 
reasons  were  given  for  calling  in  question  the  accuracy  of  all  car- 
bon*determinations  in  iron  or  steel,  made  by  the  customary  mode  of 
dissolving  the  metal  in  double  chloride  of  copper  and  ammonium  ; 
but  the  Committee  could  not  at  that  time  feel  sure  that  the  source 
of  the  error  had  been  detected. 

The  members  of  the  Committee  engaged  in  this  investigation  are 
now  able  to  say  that  all  of  the  double  chlorides  of  copper  and 
ammonium  which  they  have  examined  contain  tarry  matter  (prob- 
ably pyridine  compounds),  held  in  solution  in  all  commercial 
ammonia.  This  substance  is  retained  by  the  carbon-sponge,  and 
hence  causes  the  apparent  carbon  in  the  steel  to  be  reported  too 
high. 

A  complete  remedy  for  this  trouble  is  found  to  be  the  substitution 
of  chloride  of  potassium  for  chloride  of  ammonium,  and  the  making 
of  the  solution  slightly  acid. 

They  recommend  dissolving  the  metal  in  a  solution  of  double 
chloride  of  copper  and  potassium,  to  which  6  per  cent,  of  its  volume 
of  strong  hydrochloric  acid  has  been  added.  A  neutral  solution  of 
the  double  chloride  gives  too  low  results,  and  is  objectionable. 


THE  DIRECT  DETERMINATION   OF  ALUMINUM  IN  IRON 

AND  STEEL. 

BY  THOMAS  M.   DROWN  AND  ALEX.    G.    MCKENNA,    MASS.    INSTITUTE  OF 

TECHNOLOGY,  BOSTON,   MASS. 

(Cleveland  Meeting,  June,  1891.) 

The  unsatisfactory  character  of  most,  if  not  all,  of  the  processes 
for  the  direct  determination  of  alumina  in  the  presence  of  iron  and 
phosphoric  acid,  and  the  sharpness  with  which  both  the  iron  and 
phosphoric  acid  can  be  determined,  have  led  chemists  to  rely  mainly 


DETERMINATION  OF  ALUMINUM   IN  IRON  AND  STEEL.      243 

on  prooessses  in  which  the  alumina  is  obtained  by  difference.  But 
in  the  modern  alloys  of  aluminum  and  iron^  where  the  aluminum 
may  be  present  only  to  the  extent  of  a  small  fraction  of  one  per  cent., 
nothing  short  of  the  isolation  of  the  alumina  itself  can  give  satisfac- 
tory evidence  of  its  presence. 

In  the  course  of  6ome  experiments  on  the  electrolytic  deposition 
of  metals,  we  have  found  that  it  is  possible  to  remove  iron  com- 
pletely from  its  acid  solution  in  large  quantity  and  in  short  time,  by 
a  current  that  will  not  in  the  least  affect  the  alumina  in  solution. 
The  essential  condition  of  success  in  this  operation  is  the  use  of  mer- 
cury as  a  cathode^  the  iron  forming  an  amalgam  with  the  mercury 
as  fast  as  it  is  deposited  from  solution.  This  use  of  mercury  was 
proposed  by  Dr.  Wolcott  Gibbs,  in  a  paper  read  before  the  National 
Academy  of  Sciences  in  1883,  as  a  method  of  determining  many 
metals  by  electrolysis  which  are  not  at  all,  or  only  imperfectly, 
deposited  on  a  platinum  cathode.  It  is  certainly  one  of  the  most 
valuable  and  suggestive  contributions  to  the  quantitative  separation 
and  determination  of  metals  by  electrolysis  that  has  yet  been 
made. 

The  following  are  some  of  the  experiments  we  have  made  to  de- 
termine the  conditions  of  success  in  the  application  of  the  method 
to  the  determination  of  aluminum  in  the  presence  of  iron. 

First,  as  to  the  completeness  of  the  precipitation  of  the  iron. 
The  first  attempts  to  determine  the  iron  which  had  been  removed 
from  the  solution  and  alloyed  with  the  mercury  showed  an  apparent 
loss,  notwithstanding  the  fact  that  the  iron  was  completely  removed 
from  solution.  This  was  subsequently  found  to  be  due  to  the  vola- 
tilization of  some  of  the  mercury  on  drying  before  weighing.  The 
amount  of  mercury  which  may  be  thus  lost  is  very  considerable,  as 
the  following  experiments  show. 

About  75  grammes  of  mercury  were  put  into  a  beaker,  which  was 
then  weighed.  It  was  washed  several  times  with  water  and  once  or 
twice  with  alcohol.  The  loss  on  drying  different  times  and  at  differ- 
ent temperatures  was  as  follows : 


Time  of  Drying. 

Temperatare. 

Loss,  Gramme 

10  minutes. 

140°  C. 

.0096 

u 

100° 

.0043 

a 

t( 

.0028 

« 

u 

.0030 

*t 

it 

.0030 

u 

It 

.0025 

2  hours. 

70° 

.0040 
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Time  of  Drying. 

Temperature. 

Lobs,  Gramme 

5  hours. 

70« 

.0120 

20    " 

tt 

.0520 

48    " 

25* 

.0030 

48     '« 

24° 

.0025 

24    " 

t< 

.0007 

24    " 

if 

.0012 

48    " 

ti 

.0042 

48    " 

« 

.0033 

But  it  is,  in  fact,  only  necessary  to  heat  the  mercury  for  about  two 
minutes  at  a  temperature  of  100°  C.  to  f^ee  it  completely  from 
moisture,  and  in  this  time  the  loss  is  very  small.  The  following  are 
the  amounts  lost  in  nine  experiments  under  these  conditions:  .0002, 
.0005,  .0005,  .0003,  .0008,  .0005,  .0002, 0, 0,  an  average  of  0.00033 
gramme. 

There  seems  also,  at  times,  to  be  a  loss  not  connected  with  the 
volatilization  of  the  mercury,  which,  possibly,  may  be  due  to  impuri- 
ties in  the  mercury,  metals,  for  instance,  which  are  dissolved  out  by 
the  acid,  and  not  precipitated  on  the  mercury  again.  On  this 
account  it  is  desirable,  in  cases  where  the  process  is  used  to  deter- 
mine iron  or  other  metal,  to  have  a  blank  beaker  in  the  circuit, 
containing  only  the  mercury  and  dilute  sulphuric  acid,  and  to  add 
any  loss  which  may  be  found  in  this  beaker  to  the  amount  found  in 
the  others  in  the  series. 

The  following  are  a  series  of  results  obtained  by  electrolyzing  a 
solution  of  ferrous  ammonium  sulphate,  slightly  acidulated  with  sul- 
phuric acid. 


Loss  of 

Iron  Found 

Iron  Taken. 

Iron  Found. 

Weight  in 

+  Loss  in 

Gramme. 

Gramme. 

Blank. 

Blank. 

Gramme* 

Gramme 

.2260 

.2254 

Not  made. 

.3727 

.3725 

If 

.3080 

.8089 

U 

.3238 

.3232 

a 

.0647 

.0632 

.0020 

.0652 

.0647 

.0634 

Not  made. 

.0647 

.0649 

0000 

.0649 

.0647 

.0635 

Not  made. 

.0604 

.0602 

.0003 

.0605 

.0604 

.0608 

.0003 

.0611 

.3020 

.3008 

.0003 

.3011 

.3020 

.3000 

.0003 

.3003 

The  best  conditions  for  the  rapid  precipitation  of  the  iron  are  a 
strong  current  (about  2  amperes,  or  20  c.c.  of  electrolytic  gas  a  min- 
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lite),  a  nearly  neutral  solution  of  small  bulk,  a  large  amount  of  mer- 
cury (not  less  than  fifty  times  the  weight  of  the  iron  to  be  precipi- 
tated), and  a  large  anode  of  platinum.  The  mercury  cathode  is 
brought  into  the  circuit  by  means  of  a  platinum  wire  enclosed  and 
fused  into  one  end  of  a  glass  tube,  which  passes  through  the  liquid. 
It  is  of  advantage  to  pour  mercury  into  this  tube  to  the  depth  of 
an  inch,  in  order  to  weight  it  and  make  the  connection  with  the 
mercury  cathode  more  stable. 

By  observing  the  above  conditions,  it  was  found  practicable  to 
precipitate  10  grammes  of  iron  in  from  10  to  15  hours.  The 
iron  amalgam  may  contain  as  high  as  10  per  cent,  of  iron.  On 
standing  a  long  time  exposed  to  the  air,  the  iron  separates  out  as  a 
black  powder,  which  may  be  removed  from  the  mercury  by  agitation 
with  water.  Mercury  which  has  been  used  for  iron  precipitations 
may  be  purified  by  removing  the  greater  part  of  the  iron  amalgam 
by  filtration  through  chamois  skin,  and  then  passing  air  through  the 
filtered  portion,  as  recommended  by  J/  M.  Crafts. 

Second,  as  to  the  behavior  of  manganese  in  solution  under  the 
foregoing  conditions.  Inasmuch  as  manganese  is  almost  always 
present  in  iron  and  steel,  a  good  many  experiments  were  made  to 
find  what  becomes  of  it  under  the  electrolytic  conditions  which  we 
have  been  considering.  It  was  found  that  a  portion  is  oxidized  to 
the  dioxide,  coating  the  platinum  anode,  and  ultimately  falling  off, 
in  great  part,  in  scales,  and  that  a  portion  is  reduced  to  the  metallic 
state  and  alloys  with  the  mercury.  This  fact  of  the  Teduetion  of  the 
manganese  was  evident  on  electrolyzing  a  solution  containing  only 
dilute  sulphuric  acid,  using  as  a  cathode  mercury  which  had  been 
previously  used  in  an  experiment  with  a  manganese  solution.  In  a 
few  minutes  the  permanganate  color  appeared,  and  a  slight  coating 
of  manganese  dioxide  was  deposited  on  the  anode.  The  experi- 
ments made  to  determine  what  proportion  of  manganese  was  reduced 
and  what  proportion  oxidized  were  not  satisfactory,  but  in  general 
it  may  be  said  that  about  half  the  manganese  alloys  with  the  mer- 
cury ;  the  other  half  is  nearly,  all  oxidized,  and  is  found  both  on  the 
anode  and  in  scales  floating  in  the  liquid.  A  small  portion  is 
always  found  in  solution.  By  using  both  electrodes  of  platinum  it 
was  found  possible,  in  the  absence  of  iron,  to  precipitate  manganese 
completely  as  dioxide;  but  the  coating  on  the  anode  was  never  co- 
herent when  more  than  mere  traces  of  manganese  were  present.  But 
the  danger  of  the  re-solution  of  the  floating  particles  of  the  mangan- 
ese dioxide,  together  with  the  necessity  of  filtering  and  igniting  it  to 
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the  proto-sesquioxide,  makes  the  process  an  unsatisfactory  one  for 
the  determination  of  manganese.  The  best  conditions  were  found 
to  be  a  concentrated  solution  of  manganese  sulphate  to  which  a  little 
nitric  acid  had  been  added,  a  rather  weak  current,  a  small  cathode 
and  a  large  anode. 

Third,  as  to  the  influence  of  phosphoric  acid  on  the  precipitation 
of  iron.  Two  solutions  containing  equal  amounts  of  iron  were 
electrolyzed  in  series.  To  one  was  added  one  gramme  of  crystallized 
hydrogen  di-sodium  phosphate,  and  to  the  other  dilute  sulphuric 
acid.  When  the  iron  was  all  precipitated,  the  beakers  with  the 
mercury,  together  with  the  glass  tubes  containing  the  platinum 
wires,  were  weighed,  and  found  to  have  gained,  respectively,  0.1290 
and  0.1275  gramme.  To  a  solution  of  3  grammes  of  iron  in  sul- 
phuric acid,  0.1935  gramme  crystallized  hydrogen  di-sodium  phos- 
phate was  added,  equivalent  to  .0167  phosphorus.  After  the  iron  was 
completely  removed  from  the  solution,  the  phosphoric  acid  was  pre- 
cipitated by  magnesium  mixture  and  .0163  gramme  phosphorus  ob- 
tained. A  duplicate  experiment  gave  .0161  gramme  phosphorus.  A 
third  experiment  with  the  same  amount  of  iron  gave,  under  like 
conditions,  .0064  gramme  phosphorus  when  .0068  was  added.  From 
the  experiments  we  may  conclude  that  the  separation,  by  this  elec- 
trolytic method,  of  iron  and  phosphoric  acid  in  solution  is  satis- 
factory. 

Fourth,  as  to  the  separation  of  iron  and  aluminum.  Known 
amounts  of  iron,  and  aluminum  in  solution  together  as  sulphates 
were  electrolyzed,  and,  after  all  the  iron  had  been  deposited,  the 
alumina  was  precipitated  by  ammonia.  Following  are  two  results 
thus  obtained. 


Alumina  Taken. 

Alumina  Found. 

Iron  Taken. 

Iron  Found. 

Gramme. 

Gramme. 

Gramme. 

Gramme. 

.0283 

.0286 

.2286 

.2277 

.0142 

.0142 

.2286 

.2283 

The  iron,  determined  by  weighing  the  mercury  after  electrolyzing 
the  solution,  includes  in  both  cases  a  blank  of  .0020  gramme,  which 
was  the  loss  of  a  mercury  cathode  in  the  same  series,  when  dilute 
sulphuric  acid  only  was  electrolyzed. 

The  process  was  now  tried  under  the  conditions  which  would 
obtain  in  the  determination  of  aluminum  in  iron  and  steel,  namely, 
known  amounts  of  aluminum  sulphate  were  added  to  a  known 
amount  of  steel.  After  much  experimenting  the  following  proced- 
ure was  adopted  as  being  the  most  uniformly  satisfactory. 
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Dissolve  6  to  10  grammes  of  iron  or  steel  in  sulphuric  acid,  evapo- 
rate until  white  fumes  of  sulphuric  anhydride  begin  to  come  off, 
add  water,  heat  until  all  the  iron  is  in  solution,  filter  off  the  silica 
and  carbon,  and  wash  with  water  acidulated  with  sulphuric  acid. 
Make  the  filtrate  nearly  neutral  with  ammonia,  and  add  to  the 
beaker  in  which  the  electrolysis  is  to  be  made,  about  one  hundred 
times  as  much  mercury  as  the  weight  of  iron  or  steel  taken.  The 
bulk  of  the  solution  should  be  from  300  to  600  c.c.  Connect  with 
the  battery  or  dynamo  current  in  such  a  way  that  about  two  amperes 
may  pass  through  the  solution  over  night.  This  we  have  generally 
accomplished  by  using  three  lamps  of  82-candIe  power  arranged  in 
parallel  on  an  Edison  circuit.  In  the  morning  the  solution  is  tested 
for  iron,  and,  if  necessary,  the  electrolysis  is  continued  afler  a«.lding 
enough  ammonia  to  neutralize  the  acid  that  has  been  set  free  by  the 
deposition  of  the  iron.  The  progress  of  the  operation  may  be 
observed  by  the  changing  color  of  the  solution.  At  first  it  becomes 
darker  in  color  near  the  anode ;  after  five  or  six  hours  it  is  nearly 
colorless,  and  finally  becomes  pink,  from  the  formation  of  per- 
manganate. 

When  the  solution  gives  no  test  for  iron,  it  is  removed  from  the 
beaker  with  a  pipette  while  the  current  is  still  passing.  When  as 
much  has  been  removed  as  possible  without  breaking  the  current, 
water  is  added  and  the  operation  continued  until  the  acid  has  been  so 
far  diluted  that  there  is  no  danger  of  dissolving  iron  from  the  mer- 
cury. The  anode  is  now  taken  out  and  the  mercury  washed  with, 
water  until  the  last  traces  of  the  solution  have  been  removed  from 
it.  Afler  filtering,  to  remove  any  flakes  of  manganese  dioxide 
which  may  be  suspended  in  the  solution,  sodium  phosphate  is  added 
in  excess  and  ten  grammes  of  sodium  acetate.  The  solution  is  now 
made  nearly  neutral  with  ammonia  and  boiled  for  not  less  than 
forty  minutes.  The  precipitate  of  aluminum  phosphate  is  then  fil- 
tered off,  ignited  and  weighed.  It  should  be  white  after  ignition. 
If  it  has  more  than  the  faintest  shade  of  color  it  must  be  dissolved 
by  fusing  with  acid  potassium  sulphate  and  again  electrolyzedfor 
two  or  three  hours.  The  second  precipitate  has  been  found  to  be 
always  white  without  a  trace  of  iron,  but,  in  general,  we  have  found 
the  first  precipitate  to  be  free  from  iron  or  to  contain  such  a  minute 
amount  that  the  second  treatment  is  not  necessary.  We  have  deter- 
mined that  .0003  gramme  of  iron  will  give  a  decided  red  color  to 
.0076  gramme  of  aluminum  phosphate.  The  precipitate  of  aluminum 
phosphate,  produced  as  above,  does  not  always  have  the  oomposi- 
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tioD  Alfi^yVfiy  Our  analyses  of  it  go  to  show  that  the  formula 
TAIjOj^GPsOg  more  nearly  expresses  its  average  composition,  and  in 
those  cases  in  which  the  amount  of  phosphoric  acid  and  alumina 
have  not  been  actually  determined  in  the  precipitate,  we  have  as-  * 
sumed  this  composition,  which  is  equivalent  to  24.14  per  cent  of 
aluminum  in  the  precipitate. 

It  is  necessary  to  boil  for  at  least  forty  minutes  to  precipitate 
completely  the  aluminum  phosphate^  and  excessive  washing  of  the 
precipitate  should  be  avoided. 

The  following  table  gives  the  result  obtained  in  determining  by 
the  above  process  the  aluminum  added  in  known  amounts  to  solu- 
tions of  steel. 


. 

Per  Cent,  of 

Per  Cent,  of 

steel  Taken. 

Aluminum 

AlumiDum 

Grammes. 

Added. 

Found. 

5 

0.39 

0.36 

5 

0.39 

0.38 

5 

0.39 

0.38 

5 

0.39 

0.38 

5 

0.39 

0.37 

5 

0.043 

0.045 

6 

0.043 

0.041 

6 

0.043 

0.049 

5 

0.043 

0.048 

10 

0.027 

0.015 

10 

0.200 

0.160 

10 

0.046 

0.044 

5 

0.085 

0.088 

A  blank  experiment  with  the  same  steel,  without  the  addition  of 
any  aluminum,  gave  a  precipitate  of  aluminum  phosphate  equiva- 
lent to  0.004  per  cent,  of  aluminum,  which  has  been  deducted  from 
the  results  in  the  above  determinations.  This  small  amount  came, 
doubtless,  from  the  reagents  and  the  glass  vessels  used,  and  may 
have  been  partly  silica.  This  correction  should  be  made  in  all  cases 
where  ihe  amount  of  aluminum  is  very  small. 

A  sample  of  Mitis  steel  analyzed  by  this  method  gave  the  follow- 
ing result : 

Aluminum 
Steel  Taken.  Found. 

Orammea.  Per  Cent. 

4.4260  0.014 

4.4260  0.013 

12.6650  •  0.014 

A  sample  of  '^ aluminum  physic"  used  in  the  preparation  of 
Mitis  castings  gave  as  follows : 
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Iron  Taken. 

Aluminum  Found 

Grammep. 

Percent. 

1.6130 

6.28 

0.4030 

6.52 

0.4030 

6.22 

A  sample  of  pig-iron  to  which  aluminum  had  been  added  in 
remelting  gave  as  follows : 

Iron  Taken.  Aluminum. 

Grammes.  Per  Cent. 

1.4676  0.789 

1.8167  .  0.806 

1.6390  0.794 

1.6130  0.802 

It  might  be  thought  that  the  process  would  be  simplified  by  re- 
ducing the  iron  to  the  state  of  protoxide,  and  then  precipitating  the 
alumina  as  basic  acetat^e,  subsequently  removing  by  electrolysis  the 
small  amount  of  iron  precipitated  with  the  alumina.  A  number  of 
experiments  proved,  however,  that  this  modification  not  only  gave 
less  accurate  results,  but  involved  much  more  work  than  the  pre- 
cipitation of  all  the  iron  by  electrolysis.  When  the  iron  is  all 
removed  over  night  without  involving  any  work  on  the  part  of  the 
analyst,  it  is  surely  superfluous  to  go  through  a  more  or  less  tedious 
chemical  operation  to  remove  a  part  of  the  iron. 

It  is  obvious  that  this  process  of  eleetrolysis  with  a  mercury 
cathode  may  be  of  value  in  other  analytical  operations  in  which  the 
removal  of  the  iron  would  be  of  advantage ;  as,  for  instance,  in  the 
determination  of  phosphoric  acid  by  magnesia. 


ELECTBICITT  IN  WELDING  AND  METAL- WOBKINO. 

BY  A.   B.   WOOD,   DETROIT,   IHCH. 
(Cley eland  Meeting,  June,  1891.) 

In  welding  and  metal  working  by  electricity,  two  systems  are 
in  use, — the  so-called  incandescent  system,  in  which  the  material 
operated  upon  is  traversed  by  currents  of  large  volume  and  low 
electro-motive  force,  the  current  having  a  continuous  metallic  cir- 
cuit during  the  welding  operation,  and  the  arc  system,  in  which  the 
electric  arc  is  utilized. 

It  is  the  purpose  of  the  present  paper  to  call  attention  to  this  last 
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system  of  electric  welding  as  one  of  the  recent  developments  in  the 
art  of  metal  working. 

In  the  arc-system  of  electric  welding  the  material  may  be  in- 
cluded in  the  electric  circuit,  or  may  be  wholly  without  the  circuit; 
in  either  instance  the  enormous  heat  of  the  electric  arc  is  brought  into 
requisition  and  utilized  in  the  welding  or  metal- working  operation. 

In  the  Coffin  arc-welding  system,  invented  by  Mr.  C.  L.  Coffin, 
of  Detroit,  the  material  is  in  the  electric  circuit  or  independent  of  it, 
as  the  case  may  require,  difiPerent  processes  being  applied  as  may  be 
best  suited  to  the  work. 

m 

It  is  not  the  intention  in  this  paper  to  give  a  description  of  the 
various  machines  and  appliances  employed,  as  improvements  are 
being  perfected  and  the  inventor  prefers  to  hold  such  descriptive 
matter  in  reserve  until  he  shall  have  secured  the  protection  of  patents. 

The  apparatus  used  in  this  arc-system  of  metal-working  is  of  the 
simplest  character.  It  can  be  used  upon  continuous  or  alternating 
currents,  upon  light-  or  power-circuits,  either  arc  or  incandescent. 

In  the  earlier  attempts  at  arc- welding  with  the  Bernardos  process, 
difficulty  was  experienced  in  obtaining  clean  and  homogeneous  welds. 
This  objection  does  not  apply  to  the  Coffin  system. 

In  the  Bernardos  process  the  material  is  connected  to  one  terminal 
of  the  generator,  and  the  tool,  generally  a  carbon  electrode,  con- 
nected to  the  other  terminal.  Contact  is  made  between  the  tool  and 
material  to  establish  the  circuit,  and  an  arc  is  sprung  between  the 
tool  and  material  by  separating  them  slightly  after  the  current  has 
been  turned  on.  The 'carbon  electrode  is  slowly  traversed  along  the 
point  or  part  to  be  welded ;  the  intense  heat  of  the  arc  fusing  the 
metal  at  or  in  the  neighborhood  of.  the  joint.  Since  the  regulating 
and  maintaining  the  arc  at  proper  length  is  done  by  hand,  much 
difficulty  is  experienced  in  securing  a  uniform  arc,  while  the  regula- 
tion of  the  dynamo  is  almost  an  impossibility;  the  material  is  sub- 
jected to  too  severe  treatment  and,  in  many  instances,  notably  in 
working  on  steel  or  iron,  a  chill  is  formed  at  the  weld,  or  the  metal 
is  overheated  and  greatly  oxidized. 

With  the  Coffin  system  of  arc-welding  this  difficulty  is  entirely 
obviated,  the  material  not  suffering  in  the  least  from  the  treatment; 
clean,  neat  welds  are  made  with  but  little  oxidation;  no  chilling  or 
burning  is  manifest;  the  arc  is  under  perfect  regulation,  and  the 
heating  of  the  material  is  entirely  under  control  of  the  operator. 
Generally  no  dux  is  used  in  the  welding-operation,  so  slight  is  the 
scaling  or  oxidation,  though,  if  desired,  fluxes  may  be  used  in  special 
instances,  as  in  the  welding  of  polished  metal. 
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This  arc-system  of  metal- working  is  of  very  general  adaptability, 
being  readily  applied  to  bar,  shafl,  axle,  ring,  hoop,  tire,  pipe,  sheet- 
metal,  angle-iron,  frame-  and  boiler- work,  A  one-horse-power  arc- 
welder  has  a  capacity  up  to  one  inch  of  round  iron ;  its  cost  of 
maintenance  is  but  a  few  cents  per  day  for  power  supplied  at  the 
dynamo  when  power  is  rented,  or  at  a  rating  of  a  single  arc-lamp 
when  current  is  supplied  from  light-  or  power-circuits. 

A  welder  of  one  horse-power  has  a  capacity  of  one  weld  per 
fifteen  seconds,  operating  upon  one-quarter-inch  round  iron.  This 
capacity  can  be  increased  according  to  the  skill  and  rapidity  of  the 
operator.  The  same  welder  handles  half-inch  and  five-eighths-inch 
round  iron  with  equal  facility,  and  can  be  utilized  upon  three- 
fourths  inch  and  one-inch  work.  The  butt-welding  of  pipe  is  ob- 
tained with  the  same  ease  and  perfection  of  results. 

The  arc-system  of  welding  seems  destined  more  especially  to  give 
material  aid  in  work  on  sheet- metal,  tubes,  and  boilers,  since  the 
tremendous  heat  of  the  arc  can  be  readily  applied  where  most  needed. 
The  heating  of  the  material  is  not  dependent  upon  its  electrical  re- 
sistance, or  its  current-carrying  capacity,  nor  is  perfect  contact  at 
the  joint  a  necessity ;  while  these  are  points  of  the  utmost  import- 
ance in  operating  upon  such  work  under  the  incandescent  system. 
With  that,  the  current  required  to  weld  a  five-foot  seam  in  half-inch 
iron  plates  is  something  enormous,  and  the  cost  of  generator  and  of 
power  to  drive  it  is  correspondingly  great ;  while  under  the  arc- 
system  the  plant  required  would  be  insignificant  in  comparison.  It 
is  not  the  intention  of  the  writer  to  disparage  the  incandescent  sys- 
tem of  electric  welding,  for  it  has  great  use,  but  to  call  attention  to 
the  fact  that  arc-welding  is  an  established  process,  in  successful 
operation,  and  bids  fair  to  assume  a  position  of  great  importance  in 
metal-working  operations. 

The  mechanical  application  of  arc- welding  is  readily  made.  Since 
the  material  may  be  either  within  or  without  the  circuit,  and  the 
heating-effect  is  independent  of  the  current-carrying  capacity  of  the 
material,  no  exacting  provisions  have  to  be  made  for  electrical  con- 
tact, or  large  current-carrying  capacity  in  the  material  itself  Hence 
heavy  copper  castings  and  retaining-clamps  are  unnecessary;  no 
cooling  appliances  are  required,  and  in  most  instances  the  welder 
proper  may  be  applied  to  existing  apparatus  or  machinery  with 
slight  alteration.  An  advantage  of  this  method  may  be  noticed  in 
the  welding  of  hoops  and  tires,  in  that  it  does  not  require  special 
precautions  to  prevent  short-circuiting  of  the  current  around  the 


252  ELECTRICITY   IN   WELDING  AND   M  ETAL- WORKING. 

joint^  or  the  use  of  an  abnormal  current  to  cover  the  effects  of  such 
a  short  circuit,  or  shunt,  should  it  occur.  A  hoop  of  one-half  inch 
or  three-fourths  inch  round  iron  is  rapidly  and  neatly  welded  upon 
a  one  horse-power  arc- welder,  a  feat  quite  impossible  with  like  power 
under  the  incandescent  system. 

With  arc-welding  of  larger  power  the  work  possible  to  be  done  is 
much  more  general  in  its  nature.  A  fifty-horse-power  arc-welder 
would  be  an  interesting  piece  of  mechanism  when  in  operation  and 
the  work  it  could  handle  would  be  of  large  proportions.  Large 
shafts  could  be  welded  as  readily  as  small  bars  are  now  treated  upon 
small  welders.  It  is  not  improbable  that  in  the  near  future,  rails, 
rail-butts,  shafts,  and  similar  large  work  will  be  welded  upon  arc- 
welders  of  moderate  power. 

The  simplicity  of  ti)e  apparatus,  its  small  cost  of  maintenance, and 
the  wide  range  of  work  possible  with  a  single  welder  of  small  horse- 
power, renders  the  arc-system  of  interest  to  bridge-builders,  mine- 
managers  and  others,  whose  operations  in  the  field  do  not  permit 
extensive  power-plants  and  generators.  A  ten-  or  twenty-horse- 
power arc-welder  has  capacity  for  most  of  the  work  arising  in  bridge- 
construction,  for  welding  eye-bolts,  spanner-rods,  plates,  etc.,  and 
for  the  various  repairs  continually  arising  during  construction.  The 
dynamo  used  for  welding  in  the  daytime  can  be  utilized  for  lighting 
at  night. 

On  the  Secretary's  table  may  be  seen  some  samples  of  arc-welding, 
including  inch  bars,  done  by  the  writer  and  Mr.  Coffin  on  a  one 
horse-power  welder.  Though  we  were  totally  without  experience  in 
welding  by  any  other  means,  the  samples  show  complete  success  in 
making  perfect  welds.  No  flux  was  used,  and  each  weld  was  com- 
pleted at  one  heat.  The  bent  samples  are  cold  bent.  Particular 
attention  is  called  to  the  soft  and  natural  condition  in  which  the 
iron  is  left  at  the  welds. 

Discussion. 

Prop.  J.  W.  Langley,  Pittsburgh,  Pa. :  I  have  not  had  the 
pleasure  of  seeing  machines  of  Mr.  Wood's  in  operation,  but  it 
seems  to  me  that  the  principle  here  involved  is  certainly  correct. 
Necessarily,  by  theory,  these  arc-machines  must  be  more  economical 
than  those  which  operate  by  incandescence,  because  it  is  a  law  that 
the  evolution  of  heat  is  in  direct  proportion  to  the  resistance  at  a 
particular  point.  If  we  bring  two  large  masses  together  and  heat 
them  by  incandescence,  at  the  first  points  of  contact  the  resistance  is 
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very  large,  but  in  proportion  as  the  metal  is  squeezed  together  and 
the  number  of  points  of  contact  becomes  greater,  the  local  resist- 
ance falls  off;  and,  therefore,  just  at  the  time  when  the  complete 
contact  of  the  parts  is  brought  about,  the  local  generation  of  heat 
almost  vanishes,  and  we  have  only  the  heat  which  has  been  stored 
up  during  the  earlier  stages  of  the  process.  By  the  arc-system,  on 
the  other  hand,  the  resistance  is  that  of  the  arc,  which  remains  con- 
stant, and  the  arc  can  be  directed  to  all  parts  of  the  weld.  As 
illustrating  how  very  rapidly  heat  is  communicated  from  an  arc  to  a 
mass  of  steel,  and  how  very  little  of  it  will  be  conducted  away 
laterally  into  the  body  of  the  metal,  I  may  cite  an  observation  made 
incidentally  about  a  year  ago,  and  having  no  direct  connection  with 
welding.  I  was  melting  a  large  mass  of  steel  in  an  electric-arc  fur- 
nace, by  placing  the  lumps  of  steel  in  a  crucible  connected  with  one 
pole  of  a  dynamo,  and  lowering  the  positive  electrode  down  upon 
the  st«el  and  swinging  the  arc  upon  it ;  and  on  several  occasions  it 
happened  that  the  arc  from  the  end  of  the  carbon  rod  struck  squarely 
in  the  center  of  one  of  these  Lumps  of  steel  (about  as  large  as  a  hen's 
egg).  In  a  very  few  seconds  that  arc  would  bore  a  hole  through 
that  piece  of  steel,  the  corners  of  the  steel  being  still  so  cold  that, 
when  seen  through  the  dark  spectacles  that  one  had  to  wear,  they 
appeared  to  be  black.  Thus  in  a  few  seconds  the  steel  was  raised 
beyond  welding-heat  in  the  center.  Therefore,  it  appears  to  me 
that  in  this  method  of  arc-welding  there  will  be  very  little  loss  of 
heat,  and  the  process  seems  to  have,  in  this  respect,  an  advantage 
over  incandescence. 

R.  W.  Raymond,  New  York  City :  The  incandescent  system  of 
electric  welding  has  been  used  for  some  time  with  great  success  at 
the  works  of  the  Trenton  Iron  Co.,  where  we  are  constantly  welding 
wire  by  that  system.  What  seems  to  be  perhaps  the  most  delicate 
test  of  the  completeness  of  the  weld  has  been  incidentally  developed 
in  the  manufacture  of  telegraph-wires.  As  is  well-known,  the  tele- 
graph companies  deprecate  an  excessive  number  of  joints  in  wire,  and 
have  been  accustomed  to  specify  in  their  orders  for  wire  a  certain 
maximum  number  of  joints  to  the  mile,  as  well  as  to  require  a  cer- 
tain conductivity.  These  stringent  conditions  often  necessitated  on 
the  part  of  manufacturers  the  purchase  of  rods  of  maximum  length, 
at  an  extra  price  above  that  of  shorter  rods  or  smaller  billets,  other- 
wise of  the  same  quality.  Ordinary  welding,  in  order  to  produce 
the  required  lengths  of  wire,  was  not  permitted,  as  it  increased  the 
electrical  resistance,  and  thus  the  operating  cost  of  the  line.     Ailer 
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we  had  introduced  the  electric  weld  an  attempt  was  made  to  get  the 
telegraph  company  to  accept  pieces  thus  welded.  They  said  at  first, 
as  consumers  always  say,  "  Well,  we  are  satisfied,  and  we  don't  want 
to  be  bothered  with  experiments  on  new-fangled  notions,"  and  so 
we  abandoned  the  attempt.  But  shortly  after,  we  sent  them,  in- 
cluded in  a  lot  of  samples  of  ordinary  wire  for  test,  a  sample  that 
had  been  cut  into  52  pieces  and  welded  electrically  52  times,  instead 
of  being  a  continuous  piece  of  original  metal ;  and  that  sample  proved 
equal  or  superior  in  conductivity  to  all  the  rest.  This  result  being 
verified,  by  additional  tests,  there  was  no  further  objection  to  electric 
welds,  and  they  are  now  actually  called  for  in  specifications.  As  a 
test  of  perfect  metallic  continuity,  and  also  of  the  absence  of  any 
chemical  alteration  due  to  the  welding-process,  I  think  this  is  as 
delicate  as  could  be  asked.  For  the  class  of  work  mentioned,  the 
result  is  perfect ;  and  any  other  weld  which  is  claimed  to  be  as  good, 
not  to  say  better,  should  meet  this  electrical  test  to  begin  with. 

As  to  the  matter  of  economy  which  Prof.  Langley  has  mentioned, 
he  may  be  right  on  the  point  of  theory ;  but  the  question  of  this  par- 
ticular economy  is  certainly  not  an  overwhelming  ^ne,  in  large  works 
where  power  is  abundant.  A  little  more  or  less  steam-poweT  is  not 
important,  compared  with  the  saving  of  time  and  manual  labor,  and 
the  securing  of  perfection  in  results. 

I  do  not  quite  understand  from  Mr.  Wood's  paper  in  what  way 
large  masses  are  to  be  welded  by  the  arc-method.  The  method  is 
apparently  one  of  exterior  heating,  which,  when  produced  by  the 
electric  arc,  will,  as  Prof.  Langley  says,  rapidly  raise  to  welding- 
temperature  the  part  directly  exposed.  But  how  are  shafts  going  to 
be  welded,  or  anything  larger  than  the  small  pieces  shown  here 
to-day?  Are  electric  arcs  to  be  spun,  as  it  were,  around  the  mass 
to  be  welded,  and  is  the  heat  to  be  given  in  that  way,  and  is  it  ex- 
pected that  the  centre  will  thus  become  heated  ?  In  that  case  I  do 
not  see  why  the  very  fact  that  Prof.  Langley  has  stated  to  us  of  the 
relative  slowness  with  which  heat  paases  by  conduction  through  the 
metal  would  not  hinder  such  a  mass  from  becoming  sufficiently 
heated.  If,  on  the  other  hand,  there  is  some  means  by  which  the 
heat  of  the  electric  arc  is  to  be  spread  over  the  ends  of  the  opposite 
mass,  I  should  like  to  know  the  nature  of  the  operation. 

Mr.  Wood  :  We  had  hoped  to  have  had  some  welding  done  on 
a  five-horse-power  machine,  with  which  we  expect  to  weld  two  to 
three-inch  bars  with  equal  facility.  These  samples  that  I  have 
shown  here  were  welded  by  one  horse-power.     As  to  welding  large 
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shafts,  we  expect  to  do  it  by  multiplying  the  nnmber  of  arcs  in  the 
circuit  surrounding  the  material,  and  also,  if  necessary,  in  front  of 
the  faces  to  be  welded,  and  in  that  way  heat  all  sides  at  one  and 
the  same  time,  and  perhaps  revolving  between  the  arcs  to  equalize 
the  heat,  giving  it  time  to  absorb  what  heat  is  necessary.  I  may 
say,  to  confirm  what  Dr.  Raymond  has  said  about  the  material  not 
being  damaged,  that  I  have  taken  a  bar  of  iron  and  melted  it  in 
the  presence  of  the  arc  drop  by  drop  into  a  cooling  bath.  In  cool- 
ing there  would  be  but  a  very  slight  oxidation;  and  on  taking  it  up 
it  was  found  to  be  as  soft  as  the  original  bar,  without  any  alteration 
whatever. 
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[A  discnseioD  suggeeted  by  the  paper  of  Mr.  James  Gayley  on  ''  The  Develop- 
ment of  American  Blast-Furnaces/'  read  at  the  New  York  meeting  of  the  Iron  and 
Steel  Institute,  October,  1890,  and  reprinted  from  the  Journal  of  that  Society  in 
TriMM.  A,  L  M.  E,,  xix.,  932.] 

(Cleyeland  Meeting,  June,  1891.) 

t 

[Note  by  the  Secretary. — The  three  following  contributions 
to  this  discussion  were  communicated  by  letter  to  the  Secretary  of 
the  Iron  and  Steel  Institute,  and  were  received  by  me  too  late  for 
insertion  in  vol.  six.  of  the  TranaaotionaJ] 

Fred.  W.  Gordon,  Philadelphia,  Pa. :  Mr.  Gayley's  paper  calls 
our  attention  to  the  very  expensive  blunder  hitherto  made  in  blow- 
ing too  much  wind  in  a  given  size  of  furnace. 

It  was  quite  evident  from  an  analysis  of  blast-furnace  operations 
that  the  work  we  are  doing  in  America  is  anything  but  creditable. 
We  were  consuming  fully  1000  pounds  of  coke  more  than  is  neces- 
sary for  each  ton  of  iron  made,  and  were  hammering  the  linings  of 
our  furnaces  out  in  a  very  short  time,  and  nothing  but  the  very  high 
price  of  pig-iron  would  stand  the  drain. 

It  had  long  been  my  pet  scheme  to  gradually  reduce  the  quantity 
of  air,  at  the  same  time  increasing  the  burden  to  the  maximum  and 
decreasing  the  limestone,  and  determining,  if  possible,  the  fuel 
economy  which  might  be  reached  consistently  with  the  maximum 
production  of  the  furnace. 

•  After  the  success  of  the  Isabella  furnace  at  Pittsburgh,  which  was 
remodelled  in  1880,  the  North  Chicago  Rolling  Mill  Company  had 
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their  furnaoes  re-lined  under  my  instructions,  the  bosh  being  de- 
creased from  21  to  20  feet,  the  hearth  increased  from  9  to  11  feet, 
and  an  angle  of  80°  to  the  boshes  substituted  for  one  of  76°.  The 
bell  was  made  11  feet  for  a  top  of  15  feet  4  inches.  There  was  then 
no  practical  difference  between  the  Isabella  and  the  South  Chicago 
furnaces. 

The  result  at  South  Chicago  fully  justified  my  anticipations.  It 
gave  us  the  starting-point  from  which  to  observe  what  was  the  most 
desirable  volume  of  blast.  It  appeared  that  this  quantity  had  some 
relation  to  the  area  of  the  hearth — the  most  natural  thing  to  base  it 
upon.  As,  however,  there  is  such  a  vast  difference  in  the  efficiency 
of  blowing-engines,  the  tightness  of  the  conduits  from  the  engine 
to  the  furnace,  and  the  amount  of  carbon  consumed  directly  by  the 
oxygen  of  the  ores  rather  than  by  the  blast,  the  actual  revolutions 
of  the  engine  made  but  a  poor  measurement  at  the  best,  so  that  the 
fuel  consumption,  which  seemed  to  be  a  better  standard  of  compari- 
son, was  adopted. 

During  the  winter  of  1885  and  1886  I  was  employed  as  engineer 
at  the  Joliet  Steel  Works,  Joliet,  111.,  to  remodel  their  furnaces  and 
obtain  a  fuel  economy  of  less  than  2000  pounds  of  coke  to  the  ton 
of  iron.  This  was  accomplished  by  re-lining  their  20  x  80  ft. 
furnaces,  making  the  top  16  feet,  and  putting  in  12-ft  bells.  With 
these  improvements,  a  product  of  about  260  tons  of  iron  per  day 
was  obtained,  equal  to  61  cubic  feet  per  ton  in  24  hours. 

In  the  following  summer  the  same  work  was  undertaken  at  the 
Cleveland  Rolling  Mill  Company's  furnace,  and  210  tons  of  iron 
per  day  was  obtained  from  a  20  x  75  fl.  furnace,  on  a  fuel  consump- 
tion of  less  than  2000  pounds  per  ton  of  iron.  This  furnace  was 
altered  by  simply  banking  down,  and  changing  the  diameter  of 
the  bell  from  10  feet  to  12  feet  6  inches,  the  top  being  16  feet  7 
inches. 

In  1885  a  furnace  at  Steubenville,  O.,  only  14  feet  bosh  and  58 
feet  high,  with  a  10-ft.  top,  7-fl.  bell,  and  8-ft.  hearth,  was  blown 
in,  and  about  650  tons  per  week  were  obtained  on  a  fuel  consumption 
of  a  little  over  2000  pounds  per  ton. 

All  these  furnaces  were  operated  on  practically  the  same  materials 
as  those  used  by  Mr.  Gayley,  namely,  Lake  ores,  or  their  equivalent 
in  foreign  ores,  and  Connellsville  coke. 

I  was  very  careful  in  the  above  and  other  similar  work  to  employ 
the  minimum  of  blast,  and  to  increase  it  very  slowly  until  the  maxi- 
mum seemed  to  be  reached,  or  where  the  driving  of  the  furnace 
seemed  to  affect  the  grade  of  the  iron  or  the  fuel  consumption. 
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Even  a  marked  change  in  the  furnace  was  not  considered  suffix 
eient  cause  to  abandon  our  line  of  action^  for  having  applied  a 
certain  quantity  of  blast  to  a  certain  burden,  it  was  continued  until 
its  effect  was  established  in  the  furnace.  It  often  happened  that 
even  with  slight  changes  apparently  great  disturbances  were  pro- 
duced ;  but  they  were  only  temporary,  and  it  was  evident  that  no 
information  would  be  obtained,  and  no  permanent  good  results 
arrived  at,  if  a  policy  was  not  followed  in  spite  of  all  seeming  indi- 
cations that  we  were  in  error. 

Summing  up  the  result  of  these  and  the  other  operations,  it  ap- 
peared to  me  that  the  best  measurement  for  the  quantity  of  blast  was 
the  consumption  of  5000  pounds  of  fuel  per  day  per  square  foot  of 
the  sectional  area  of  the  hearth. 

As  these  hearths  were  constructed  in  very  much  the  same  way, 
having  about  the  same  projection  and  number  of  tuyeres,  it  was  fair 
to  assume  the  area  for  comparison  as  the  area  of  the  brick-work 
when  it  was  first  laid. 

Again,  at  furnace  ^'C"  and  the  Jupiter  furnace  at  St.  Louis, 
operated  by  the  Western  Steel  Company,  these  furnaces  were  blown- 
in  and  the  same  policy  was  adopted  as  in  the  above  instances.  In 
this  case  we  had  Pilot  Knob  ore,  containing  an  average  of  23  pes 
cent,  of  silica,  of  which  two-thirds  was  used,  the  balance  being  Iron* 
Mountain  washed,  a  very  good  and  very  pure  ore,  and  Southwest,, 
also  a  fine  ore^  and  working  freely  in  the  furnace,  the  mixture  coQr 
taining  from  18  to  19  per  cent,  of  silica.  This  was  smelted  partly 
with  Illinois  coal  in  its  raw  state  (as  high  &s  one-third  by  weight  was 
used),  and  partly  with  Connellsville,  Pocahontas,  New  River,  and 
Walston  cokes.  No  regular  supply  of  fuel  could  be  had,,  on  account 
of  the  disturbed  condition  of  the  labor  market,  and  the  incapacity 
of  the  railroads.  Those  familiar  with  the  fuels  named  will  note  the 
great  variety  of  their  structure  and  composition,  and  when  we 
smelted  this  highly  siliceous  mixture  with  these  fuels,  we  were  under- 
taking no  small  problem.  Yet  the  result  was  satisfactory,  seeing 
that,  from  an  18-foot  furnace,  75  feet  high,  we  produced  140  tons  of 
No.  1  Bessemer  iron  per  day  on  a  fuel  consumption  of  2100  pounds ; 
that  is,  when  raw  coal  was  used,  estimating  a  pound  of  coke  as  equal 
to  two  pounds  of  coal. 

The  next  experience  of  importance  which  I  may  recite  was  ob- 
tained at  the  blowing-in  of  the  first  furnace  at  Ensley,  Ala.  This 
plant  has  four  furnaces,  20  x  80  feet,  hearth  11  feet,  top  16  feet, 
with  a  12-ft.  bell;  angle  of  bosh,  80^.     I  gave  a  detailed  account 

VOL.  XX.— 17 
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of  the  blowing  in  of  this  furnace  in  the  Tran»aetion8  of  the  Amer- 
ican Institute  of  Mining  Engineers  (vol.  xvii.,  p.  138).  The  ores  con- 
tained about  46  per  cent,  of  metallic  iron^  and  the  coke  consump- 
tion per  ton  of  iron  was  2240  pounds,  with  a  product  of  165  tons 
per  day. 

Adding  the  fuel-consumption  of  these  several  furnaces  together, 
with  a  number  of  others  too  tedious  to  mention,  wherein  quite  a 
variety  of  material  was  used,  the  average  was  4247  pounds  per  foot 
of  sectional  area  of  the  hearth  per  24  hours,  the  extremes  being  6200 
and  3440  pounds. 

If  the  text  of  Mr.  Grayley's  paper  is  correct  in  stating  that  a  22- 
fl.  furnace  had  an  11 -ft.  hearth,  the  coke  consumption  in  his  case 
amounted  to  about  6000  pounds  per  square  foot,  or  nearly  50  per 
cent,  more  than  the  above  average. 

No  absolute  rule  can,  of  course,  be  adopted  in  this,  any  more  than 
in  other  furnace  practice,  though  I  believe  that  something  near  the 
average  might  be  arrived  at  by  comparisons  of  a  great  range  of  fur- 
naces when  doing  their  very  best  work,  and  it  seems  that  it  is  an 
important  question  to  consider. 

The  old  question  of  the  temperature  of  the  blast  has  l)een  very 
exhaustively  discussed  from  time  to  time.  The  inference  seems 
natural  that  if  heat  carried  in  by  the  blast  may  be  substituted  for 
heat  produced  in  the  furnace  by  fuel  combustion  up  to  a  certain 
temperature  of  blast  for  a  given  ore  and  fuel,  each  caloric  then  in- 
troduced may  supplant  that  amount  of  fuel  which  would  have  gener- 
ated a  like  quantity  of  heat  in  the  said  furnace. 

The  ratio  of  CO  to  COj  in  the  temperature  of  the  escaping  gases 
being  the  measure  of  the  heat  utilization  in  the  furnace,  the  blast 
temperature  (while  within  practical  limits)  should  be  increased  until 
the  percentage  of  CO,  falls,  or  the  temperature  of  the  gases  unduly 
increases. 

In  my  practice  I  have  invariably  employed  the  highest  blast  tem- 
perature that  could  be  maintained  with  a  reasonable  degree  of  regu- 
larity, and  have  never  found  a  case  where  a  reduction  in  the  blast 
temperature  would  improve  the  condition  of  the  escaping  gases, 
either  in  composition  or  temperature.  Hence  I  believe  the  limit  has 
not  been  reached  for  the  highest  fuel  economy. 

If  as  desirable  a  gas  can  be  obtained  in  cold  blast-furnace  prac- 
tice as  when  the  blast  is  heated  to  1600°  Fahr.,  and  vice  versa,  I 
think  the  proposition  is  proved ;  but  I  have  found  that  the  lower 
the  .blast  temperature,  the  more  difficult  it  was  to  get,  and  where 
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atmospherio  temperatures  are  employed,  only  selected  ores,  flux,  and 
fuel  will  give  the  result,  and  that  selection  has  a  very  narrow  range 
indeed. 

A  small  charcoal  furnace  was  remodelled  to  my  drawings  as  fol- 
lows :  Total  height,  60  feet ;  diameter  of  bosh,  7  feet  7  inches;  hearth, 
3  feet;  top,  5  feet;  bell,  3  feet;  the  furnace  being  blown  with  one 
tuyere.  There  was  no  semblance  of  a  hot  blast.  The  ore  used  was 
a  mixture  of  brown  hematite,  averaging  60  per  cent. ;  limestone,  as 
pure  CaCOj  as  could  be  obtained ;  the  fuel  was  charcoal,  with  an  aver- 
age of  86  per  cent,  of  carbon  (the  balance  being  mainly  moisture). 
A  burden  of  1120  pounds  of  this  ore  was  carried  on  600  pounds  of 
charcoal,  and  a  product  of  16  tons  of  Nos.  1  and  2  car- wheel  iron 
per  day  was  obtained. 

This  result  will  come  out  as  well  as  any  furnace-work  I  have  any 
record  of,  either  cold  or  hot  blast,  for  the  utilization  of  the  fuel  in 
the  furnace.  It  was,  however,  only  after  repeated  trials  with  many 
mixtures  that  such  a  result  was  reached.  A  slight  increase  of  alu- 
mina or  magnesia,  or  a  change  of  the  character  of  the  ores,  though 
giving  almost  the  same  flux,  reduced  the  grade.  The  furnace  could 
not  be  safely  kept  on  this  burden,  while  hot  blast-furnaces  have  been 
kept  steadily  on  a  burden  equal  to  this,  plus  that  which  could  be  car- 
ried by  the  blast-heat. 

Again,  though  it  is  heresy  to  say  it,  the  heat  of  the  blast  has  no 
influence  on  the  percentage  of  silicon.  Given  an  ore  mixture,  a 
limestone,  and  a  fuel,  and  the  lowest  percentage  of  silicon  that  can  be 
reached  with  cold  blast  may  be  slightly  reduced  by  increasing  the 
blast  temperature.  Not  that  the  blast  temperature  has  any  other  eSect 
than  that  the  amount  of  silica  present  due  to  the  ash  of  the  fuel  is 
reduced  by  the  reduction  of  the  fuel  itself  to  the  iron  made.  It  is, 
however,  easier  to  increase  the  silicon  when  using  highly  heated 
blast,  and  only  good  burdening  will  keep  it  under  control. 

My  experience  at  St.  Louis,  when  smelting  the  mixture  above  re- 
ferred to,  carrying  18  per  cent,  of  silica,  with  New  River  and  Poco- 
hontas  coke,  containing  about  5  per  cent,  of  ash,  and  only  2  to  ^2^ 
per  cent  of  silica, — having  the  slag  as  high  as  40  per  cent,  in  silica, — 
was  that  the  silicon  would  average  too  low  through  the  grain  of  the 
pig,  and  the  sulphur  was  all  that  could  be  desired  in  a  No.  1  Besse- 
mer iron.  The  high  price  of  coke  (some  $6.60  per  net  ton)  made 
the  fuel  economy  so  important  a  consideration  that  iron  higher  in 
silicon  was  purchased,  while  the  heavy  burdening  with  the  low 
silicon  was  continued.     Mr.  Charles  Stewart,  general  manager,  in- 
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formed  me  that  when  the  Connellsville  coke  was  obtained  in  quantity, 
the  silicon  was  much  more  at  his  command.  There  a  small  per- 
centage of  silica  in  the  fuel  governed  the  silicon  in  the  iron,  while  the 
effect  of  heating  the  blast  some  1600^  Fahr.  could  be  neutralized  by 
an  increase  of  burden. 

My  own  and  Mr.  EMward  Dowd's  experience  at  Sheffield,  Ala., 
with  Pocahontas  coke,  has  convinced  both  of  us  that  with  pure  fuel, 
ores  high  in  silica  can  be  used  to  produce  No.  1  iron  with  very  low 
average  silicon,  no  matter  how  high  the  temperature  of  the  blast 
may  be. 

With  these  facts,  and  this  sort  of  reasoning,  I  fancy  that  had  Mr. 
Gayley  employed  1500°  Fahr.  instead  of  1100°,  he  might  have  ex- 
ceeded his  excellent  record. 

W.  Hawdon,  Middlesbrough,  Eng. :  In  Mr.  Gayley's  paper  the 
temperature  of  the  blast  is  stated  to  be  1200°,  which  would  appear 
to  many,  in  England,  at  any  rate,  to  be  low.  But  as  Messrs.  Sie- 
mens have  within  the  last  few  years  corrected  their  water  pyrometer 
(which  is  generally  taken  as  the  standard  in  such  matters)  in  such  a 
manner  that  what  formerly  was  shown  as  1500°  is  now  1250°  or 
thereabouts,  this  1200°  is  probably  about  the  same  temperature  as 
was  the  practice  at  most  of  the  best  English  works. 

In  manufacturing  pig-iron  in  Great  Britain,  we  try  to  obtain  two 
results,  viz.,  economy  of  fuel,  and,  consistently  with  that,  large 
makes.  English  practice  has  been :  1st,  economy  of  fuel ;  2d,  pro- 
duction. American  practice  has  been:  1st,  large  production;  2d, 
fuel-economy.  There  seems  to  he  an  economic  limit  in  driving  a 
furnace  which  varies,  for  some  hitherto  unexplained  reason,  with  dif- 
ferent furnaces.  Instance  the  last  furnace  on  Mr.  Gayley's  list.  It 
is  something  beyond  any  chemical  phenomena,  and  appears  to  be  due 
to  such  a  construction  of  furnace,  and  such  favorable  conditions  of 
working,  that  the  material  was  presented  at  the  zone  of  fusion  in  a 
manner  and  condition  that  caused  rapid  fusion  to  take  place.  And 
Mr.  Gayley  seems  to  have  hit  this  off  in  the  furnace  which  he  has 
last  described.  In  England  we  have  furnaces  very  much  on  the  same 
lines  doing  excellent  work. 

Now,  the  average  consumption  of  coke,  leaving  out  the  top  item 
on  the  list,  which  appears  to  be  abnormal,  is  2400  pounds  =  21^ 
cwt.  of  coke  per  ton  of  iron  made.  Compare  this  with  English 
practice,  using  Spanish  ore  of  50  per  cent,  iron,  as  against  the  Lake 
Superiof  ore  of  63  per  cent.,  used  at  Pittsburgh.  It  would  take  at 
least  1  to  1^  cwt  more  coke  to  smelt  this  50  per  cent,  ore,  or,  taking 
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Mr.  Gray  ley's  figures,  it  would  take  21 J  +  1  =  22  J  cwt.  of  coke  per 
ton,  while  in  England  19  cwt.  and  even  18  cwt.  is  pretty  general 
practice.  To  make  2000  tons  with  one  furnace  in  a  week  requires 
the  same  number  of  blowing-engines,  boilers,  and  stoves  as  would 
be  needed  to  make  it  in  two  furnaces ;  and  therefore  the  only  extra 
cost  in  plant  would  be,  in  the  latter  case,  the  actual  furnace  stack 
itself,  costing  about  £5000,  with  gallery,  etc.  By  using  the  two  fur- 
naces to  make  2000  tons  per  week,  and  saving  2«.  6J.  per  ton,  we 
should  save  this  amount  in  24  weeks.  I  allowed  the  l^d.  extra  for 
additional  labor  that  would  be  required  in  the  front  of  the  furnace. 
There  would  also  be  a  considerable  saving  in  re-lining,  which,  with 
rapid  driving,  is  a  serious  item.  Therefore,  judging  by  these  figures, 
it  has  clearly  paid  English  makers  to  use  two  furnaces  rather 
than  one. 

John  M.  Hartman,  Philadelphia,  Pa. :  I  would  call  attention 
to  the  work  of  a  furnace  belonging  to  the  Franklin  Iron  Manufac- 
turing Company  of  New  York,  working  on  fossiliferous  hematite  of 
the  Clinton  group,  anthracite  coal  from  Scranton,  Pa.,  and  Connells- 
ville  coke.  The  furnace,  which  has  a  cubic  capacity  of  6731  feet, 
and  10  tuyeres,  4^  inches  diameter,  6  feet  up  from  the  hearth,  has  a 
water-cooled  bosh  and  tuyere  and  crucible  jackets.  The  hearth  is 
10  feet  6  inches  diameter,  and  there  is  one  cinder-notch,  4  feet  up 
from  the  hearth.  The  furnace  is  worked  with  two  blowing-engines 
and  three  fire-brick  stoves.  One  week's  work  in  1886  showed  the 
following  results : 

Fuel,  one-third  coke,  per  ton  of  pig,              .        .  2,538  pounds. 

Ore  per  ton  of  pig, 6,091       ^* 

Limestone  per  ton  of  pig, 1,426       '* 

Blast  per  minute, 13,614  cubic  feet 

Temperature  of  blast, 1,100°  F. 

Temperature  of  escaping  gas,                .        .        .  210°  F. 
Iron  produced — No.  1,  342  tons ;  No.  2,  260  tons ; 

No.  3,  12  tons, 614  tons. 

Cinder  per  ton  of  pig  made, 2,474  pounds. 

Yield  of  ore,  ...•...,  44  per  cent. 

CO. 
Ratio  of  escaping  gases  by  weight  -tt^-  =  .938. 

Cubic  feet  of  air  per  minute,  per  1000  feet  of  con- 
tents,   2,000  feet. 

The  furnace,  for  the  whole  year  1889,  gave  the  following  results 
after  re-lining : 

Fuel,  one- third  anthracite,  two- thirds  coke,  .        .      3,091  pounds. 

Ore, 5,376       " 

Limesto'he, 1,485       " 
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Iron  per  week, 683  tons. 

Output— No.  1, 11,002 ;  No.  2,  16,846 ;  No.  3,  2476,  30,324    " 

Average  heat  of  blast, 1,250°  F. 

Maximum  heat  of  blast,         .        .        ^        .        .      1,350°  F. 

Average  air  per  minute, 16,000  cubic  feeU 

Maximum  air  per  minute, 18,100         *' 

Average  pressure, 9}  pounds. 

Maximum  pressure, 11       " 

Average  yield  of  ore, 41-i^  " 

Air  per  minute  per  1000  cubic  feet  of  contents,     .      2,277  cubic  feet. 
Maximum  air  per  minute  per  1000  cubic  feet  of 
contents, 2,689         ** 

IHacuasion  at  the  Cleveland  Meeting. 

The  Secretary  :  One  of  our  members,  Mr.  Robert  G.  Leckie, 
of  Londonderry,  Nova  Scotia,  who  is  prevented  from  being  here,  as 
he  expected,  notified  me  that  he  should  put  a  question  in  the  discus- 
sion at  this  meeting  concerning  the  method  of  filling  and  blowing  in 
pursued  by  Mr.  Gayley  and  others  who  had  charge  of  very  large 
furnaces.  I  advised  Mr.  Gayley  of  this,  and,  being  likewise  unable 
,to  be  present,  he  has  sent  the  following: 

James  Gayley,  Braddock,  Pa.  (communication  to  the  Secretary) : 
The  practice  that  has  been  followed  for  a  number  of  years  at  the 
Edgar  Thomson  Works,  and  which  gives  excellent  results,  is  practi- 
cally identical  with  the  plan  hereinafter  described.  As  a  prime 
requisite  to  blowing-in,  it  is  essential  to  have  the  furnace  thoroughly 
dried.  On  this  point  I  would  lay  great  emphasis,  as  it  not  only 
facilitates  that  operation,  but  puts  the  brick-work  in  a  better  state 
for  preservation,  and  conduces  to  more  economical  results  during  the 
blast.  In  many  cases  it  eliminates  the  tendency  to  scaffolds,  which, 
when  formed  at  this  stage,  become  practically  immovable.  The 
drying-out  process  should  be  commenced  with  a  very  light  fire, 
gradually  increased,  as  the  brick-work  becomes  warmer,  to  what 
may  be  termed  hard  firing.  The  furnace  should  be  dried  for  at 
least  a  month,  and  longer  if  possible.  A  statement  often  made  and 
illustrated  in  practice,  that  "blowing-in  will  dry  it  out,"  has  resulted 
in  too  many  cases  in  loss  to  the  owners.  This  practice  will 
undoubtedly  dry  out  the  furnace,  but  it  is  a  very  expensive  way  of 
doing  it.  In  this  connection  I  may  cite  a  case  in  eastern  Pennsyl- 
vania, where  rival  works  had  furnaces  under  construction,  and  each 
put  forth  every  effort  to  complete  the  work  first.  The  successful 
party  in  the  competition,  as  soon  as  the  last  brick  had  been  laid  and 
the  charging  apparatus  had  been  placed  in  position,  immediately 
commenced  filling,  without  removing  the  masons'  sca^olding,  and 
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fired  as  soon  as  filled.  I  have  every  reason  to  believe  that  this  fur- 
nace was  eventually  dried  out,  but  the  evil  results  of  such  haste 
were  discernible  throughout  the  entire  period  of  blast. 

In  placing  the  wood  in  the  furnace,  our  practice  is  to  support  on 
posts  a  platform  about  2  feet  above  the  tuyere-arch,  and  under  the 
bottom  of  each  poet  to  place  a  piece  of  fire-brick,  on  which  is  a  sheet  of 
thick  asbestos.  The  reason  for  doing  this  is,  that  the  furnace  interioif 
being  very  hot,  the  scaffold  is  in  danger  of  igniting  before  the  fur- 
nace is  filled.  We  usually  start  to  put  in  the  wood  in  the  morning, 
stopping  the  firing  the  evening  before,  so  that  the  brick-work  will 
be  partially  cooled.  Even  then  the  hearth  is  sometimes  so  hot  that 
it  is  necessary  to  place  a  plank  on  some  bats  for  the  workmen  to 
stand  on.  The  advantages  derived  from  this  are  that  the  wood, 
being  thoroughly  dried  and  readily  ignited,  and  any  excess  of  mois- 
ture being  driven  off,  a  quick  and  easy  draft  is  obtained  immediately 
on  lighting,  by  the  natural  drafl  of  the  furnace  alone.  After  the 
skeleton  parts  of  the  scaffold  are  in,  a  charge  of  coke  is  put  in,  suf- 
ficient to  fill  the  hearth  up  to  the  bottom  of  the  cinder  noteh  open- 
ing. This  prevents  a  long  drop  of  the  super-incumbent  material 
when  the  scaffold-posts  are  burned  away,  also  thS  tendency  to  jamb 
on  the  bosh,  while  its  commencing  to  burn  as  soon  as  the  blast  is 
applied,  heats  up  the  hearth  and  keeps  the  iron  notoh  in  good  condi- 
tion. On  the  platform,  planks  are  placed  sufficiently  close  to  prevent 
cord-wood  on  end  from  falling  through.  Above  the  platform,  three 
lengths  of  cord-wood  (hard  wood  is  preferred)  are  placed  on  end, 
with  a  cribbing  in  the  center,  to  allow  space  for  the  workmen  to  pass 
up  the  wood.  On  top  of  the  wood  a  blank  charge  of  coke  is  put 
in,  of  260  barrows,  or,  by  weight,  207,600  pounds;  with  this  coke 
there  is  put  in  sufficient  limestone  for  fluxing  the  ash,  and  in  addi- 
tion a  few  barrows  of  spiegel-  or  ferro-manganese  cinder.  Our  regu- 
lar charges  consist  of  12  barrows  of  coke,  12  barrows  of  ore,  6 
barrows  of  stone.  The  weight  of  a  barrowful  of  coke  is  830  pounds ; 
the  regular  coke  charge  amounts,  therefore,  to  9960  pounds.  With 
the  large  blank  charge  of  coke  that  is  put  in,  the  ore-round  can  be 
started  at  about  the  same  weight  as  the  unit  of  coke ;  consequently 
we  put  in  the  first  charges  as  follows : 


No.  of  Cbarges. 

Weight  of  Coke. 

Weight  of  Ore. 

Limestone. 

10 

9960 

9,600 

5 

9960' 

10,200 

to 

10 

9960 

10,800 

salt. 

20 

9960 

12,000 

30     . 

9960 

12.600 
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We  charge  afterwards  as  the  condition  of  the  furnace  indicates, 
or  course  it  only  requires  a  small  number  of  the  above  charges  to 
fill  the  furnace.  To  the  first  few  charges  an  extra  barrow  of  furnace- 
cinder  is  often  added. 

The  space  between  the  scafibld  above  and  bed  of  coke  beneath  is 
then  filled  with  the  kindling-wood^  and  the  torch  which  is  to  start 
Ibhe  slumbering  energies  into  activity  is  applied,  generally  by  a  young 
lady,  whose  graces  preside  as  beneficent  genii  over  the  destiny  of  the 
blast.  In  addition  to  lighting  the  wood  at  the  cinder  notch,  a  red- 
hot  bar  is  thrust  in  at  each  tuyere  to  start  the  combustion  uniformly. 
Ordinarily  we  find  very  little  trouble  with  the  draft,  and  when 
properly  managed  I  consider  the  natural  draft  of  the  stack  much 
preferable  to  the  more  rapid  one  obtained  by  connecting  with  the 
chimney.  When  the  scafibld  has  burned  away,  allowing  the  stock 
to  settle  gently,  and  bringing  hot  coke  or  charcoal  in  front  of  all 
the  tuyeres,  the  blast  is  put  on.  The  time  from  lighting  to  putting 
on  of  blast  varies  from  6  to  10  hours.  The  blast  is  put  on  slowly 
at  first,  and  increased  hourly  until  the  volume  of  air  is  one-half  the 
normal  quantity,  at  which  point  it  is  held  until  after  the  first  cast  of 
iron  is  made.  In  order  to  avoid  explosions  in  the  flues,  which  fre- 
quently happen  at  the  start,  the  valves  in  the  boiler  and  stove-gas 
mains  are  closed,  and  all  of  the  gas  is  allowed  to  escape  through  the 
bleeder  until  after  the  first  cast  is  made. 

A  practice  in  frequent  use  for  blowing-in  furnaces,  i?  to  put  in  a 
large  quantity  of  wood  with  a  small  blank  fuel  charge  ;  this  being  fol- 
lowed by  the  regular  charges,  in  which  the  ore  weight  is  about  one-half 
that  of  the  fuel.  The  result  of  this  practice  is  that  the  wood  burns 
away  quickly,  bringing  the  ore  down  to  the  tuyeres  before  it  has  had 
time  be  reduced;  making  a  cold  hearth,  from  which  is  got  a  black 
scouring  cinder  and  white  iron.  The  method  that  I  have  described 
in  detail  has  much  to  commend  it,  as  the  large  blank  charge  of  coke 
used  furnishes  sufficient  gas  and  solid  fuel  for  complete  reduction, 
and  aftier  settling,  when  the  wood  is  burned  away,  maintains  the 
fusion  limit  at  or  near  the  position  that  would  be  normal  for  that 
volume  of  air.  At  the  same  time  the  hearth  is  thoroughly  heated, 
and  a  good  grade  of  iron  is  obtained.  As  a  matter  of  fact,  the  first 
cast  of  iron  is  No.  1,  varying  in  silicon  from  1.75  to  2.60  per  cent., 
and  the  cinder  is  identical  in  color  and  composition  with  that  ob- 
tained when  the  furnace  is  in  normal  working  condition.  So  certain 
are  we  of  knowing  by  this  practice  the  quality  of  the  metal,  that  it 
is  run  into  ladles  and  sent  to  the  steel-works  for  conversion  like  the 
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rest  of  the  metal.     The  description  I  have  given  of  our  practice  of 
blowing-iu  is  based  on  a  furnace  of  19,000  cubic  feet  capacity. 

J.  E.  Johnson,  Longdate,  Va. :  In  confirmation  of  the  remarks 
of  Mr.  Gayley  as  to  the  imprudence  of  too  little  drying-out,  I  can 
give  an  experience  in  point.  We  re-built  an  oven,  and  the  time 
consumed  was  about  two  months.  The  result  was  that  while  the 
furnace  started  very  quietly  and  without  any  scaffolding,  it  was  six 
months  before  it  carried  the  proper  burden.  She  was  dried  for  only 
two  weeks  before  we  put  the  blast  on.  The  great  mass  of  brick- 
work was  undoubtedly  still  filled  with  moisture,  and  the  result  was 
that  we  had  a  very  poor  blast,  only  about  two-thirds  burden  being 
carried,  and  the  iron  being  very  unsatisfactory.  An  incident  of  the 
starting  of  that  blast  was,  that  instead  of  beginning  on  Saturday,  as 
had  been  intended,  we  waited  until  Monday  morning.  On  Sunday 
there  came  a  very  heavy  rain.  We  did  not  have  any  stock-house ; 
we  kept  all  our  material  out  of  doors,  and  everything  was  wet  except 
the  wood.  We  thought  perhaps  we  might  dry  out  the  material  a 
little  by  blowing  a  hot  blast  in  after  the  furnace  was  filled,  and  be- 
fore kindling.  We  got  it  a  little  too  hot,  and  the  wood  kindled, 
and  we  started  the  furnace  with  a  hot  blast.  Fortunately  we  had 
no  evil  result. 

HuGn  Kennedy,  Etna,  Pa. :  In  blowing-in  our  furnaces  we  very 
seldom  put  in  more  wood  than  one  layer  above  the  tuyeres.  We  put 
in  a  large  amount  of  coke,  probably  twenty  rounds,  at  4000  pounds 
per  round,  and  enough  lime  to  flux  the  silica  in  the  coke.  Then 
the  furnace  is  filled  to  about  even  quantities  of  ore  and  coke.  After 
attaching  a  suitable  arrangement  to  the  tuyere-pipe,  we  pour  a  bucket 
of  petroleum  into  the  furnace  at  each  tuyere  before  lighting.  Then 
we  put  on  a  light  blast,  and  light  at  the  tuyeres,  and  keep  the  blast 
on  the  furnace.  In  that  way  the  fire  is  distributed  equally  through 
the  wood,  and  the  coke  comes  down  to  the  tuyeres  pretty  soon.  Then 
we  close  our  bell,  and  bring  our  gas  down  to  our  stove  and  boilers. 
We  have  found  that  with  a  large  amount  of  wood  put  in  the 
bottom  of  the  furnace,  leaving  the  top  of  the  furnace  open  and  put- 
ting on  the  blast,  so  much  settling  leaves  a  space  in  the  top  of  our 
furnace  which  is  apt  to  make  a  bad  explosion  ;  and  we  think  it  pref- 
erable to  put  in  a  small  amount  of  wood  and  leave  little  chance  for 
settling  for  some  time  after  putting  on  blast.  In  the  matter  of 
drying-out  our  furnace,  we  have  dried  out  for  two  weeks  and  for 
three  months,  and  ordinarily  we  have  seen  very  little  difference  in 
the  working  of  the  furnace,  provided  we  gave  enough  coke  in  our 
charge  not  to  bring  our  ore  down  our  tuyeres  too  soon. 
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President  John  Birkinbine,  Philadelphia,  Pa. :  The  practice 
described  by  Mr.  Kennedy,  of  filling  the  farnace,  putting  on  the 
blast,  and  then  lighting  it,  is  quite  different  from  that  followed  io 
some  of  the  older  charcoal-furnaces,  according  to  which  the  furnace 
was  filled  with  charcoal  and  lit  on  top,  and  when  the  fire  had  worked 
down  to  the  tuyeres,  the  manager  would  fill  the  furnace  again  and 
then  put  the  blast  on.  I  remember  some  years  ago  visiting  one  of 
these  furnaces,  and  remarking  to  the  proprietor :  ^'  I  see  you  are  put- 
ting your  furnace  in  blast;  and  still  light  on  the  top.''  He  replied, 
^'Yes;  but  yesterday  I  thought  she  was  not  burning  fast  enough, 
so  I  fired  her  at  the  bottom,  too." 

Beyond  question  success  largely  depends  upon  blowing-in.  Some- 
times the  preliminaries  for  a  good  start  are  carried  to  such  a  length 
of  time  as  to  spoil  it.  Within  a  year  I  visited  a  plant  where  the 
furnace  had  been  filled  and  fired,  the  fire  having  been  allowed  to 
creep  along  for  two  days  and  a  half  and  then  blown  very  gently. 
It  was  five  and  a  half  days  from  the  time  the  fires  were  lighted 
before  any  pig-iron  was  cast ;  and  the  furnace  had  a  very  short  life. 
After  the  fuel  in  the  furnace  was  kindled  the  superintendent  was 
prepared  to  begin  blowing  at  eight  in  the  evening;  but  arrange- 
ments for  a  formal  o[)ening  had  been  made;  and  the  gentleman 
who  was  to  make  the  speech  and  the  minister  who  was  to  make 
the  prayer  were  not  there,  so  matters  were  left  until  eleven  o'clock 
the  next  day  before  the  blast  was  put  on. 

E.  C.  Pechin,  Roanoke,  Va. :  Does  Mr.  Kennedy,  in  filling, 
dump  his  coke-charges  from  the  top  of  the  furnace,  or  are  they  low- 
ered ?  [Mr.  Kennedy  replied  that  they  were  dumped.]  I  am  in- 
clined to  think  that  with  our  Pocahontas  coke,  which  is  a  very  much 
softer  material,  that  practice  might  be  accompanied  with  a  little  risk. 
I  should  think  it  better  to  lower  the  blank  charges.  In  our  prac- 
tice we  put  on  the  light  blast  first  before  we  fire  up,  and  then,  just  as 
soon  as  the  gas  will  ignite  freely,  shut  the  bell.  It  only  shows  how 
doctors  will  differ.  In  many  places  they  insist  on  the  old  way.  I 
think  the  gentlemen  who  were  down  at  Birmingham  know  some- 
thing about  it.  We  can  recollect  a  furnace  there  that  had  been  started 
after  the  old  anthracite  practice,  and  they  were  in  a  pretty  bad 
scrape  the  morning  we  were  there  three  years  ago.  The  condition 
of  the  tuyeres  was  very  ugly,  and  I  asked  them  when  they  had 
lighted  up?  They  had  lighted  up,  it  appeared,  without  having  all 
the  connections  made,  and  with  some  of  the  necessary  parts  missing 
at  the  tuyeres ;  and  they  had  had  the  fire  on,  without  any  blast,  for 
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thirty-six  hours.     I  think  I  had  rather  take  my  chances  on  blow- 
ing-in  with  the  blast. 

Mr.  Johnson  :  I  would  remark  that  we  dump  right  into  the 
furnace  in  filling.     Our  height  is  60  feet. 

Mr.  Peghin  :  But  the  difiBrence  between  60  feet  and  76  feet  may 
be  a  good  deal  with  Pocahontas  coke. 

George  A.  Dean,  Mingo  Junction,  Ohio :  I  would  like  to  hear 
some  opinions  as  to  the  effect  on  a  furnace  of  standing  after  having 
been  relined  for  any  length  of  time  before  being  fired.  Is  it  objec- 
tionable, or  not?  I  had  an  experience  myself  with  a  furnace  that 
we  had  lined  up  that  stood  about  seven  months,  and  we  kept  it 
warm  by  putting  through  it  the  gas  coming  from  another  furnace 
in  operation.  The  subsequent  blast  only  lasted  about  half  the  normal 
period  before  the  lining  was  worn  out,  and  the  question  in  my  mind 
is,  whether  the  gas  from  the  other  furnace  had  in  any  way  affected 
the  brick-work  of  the  lining. 

A  Member :  Was  that  furnace  roofed  over  the  top? 

Mb.  Dean  :  It  was  not  perfectly  tight,  but  it  had  roof  enough  to 
shed  a  heavy  rain. 

JuuAN  Kennedy,  Pittsburgh,  Pa. :  As  to  blowing-in,  it  is  better 
to  be  too  hot  than  to  get  too  cold.  My  plan  is  always  to  put  in  one 
layer  of  wood  above  the  tuyeres,  and  then  go  on  up  with  a  ring 
about  a  foot  thick.  Then,  as  Mr.  Gayley  says,  put  in  a  charge  of 
coke,  and  then  with  pretty  heavy  charges  in  that  way  you  get  a 
good  hot  fire.  I  myself  was  the  first  person,  I  think,  who  ever  blew 
in  a  furnace,  in  which  the  blast  was  put  on  before  lighting.  That 
was  the  B  furnace  of  the  Edgar  Thomson  works.  I  have  never 
heard  of  its  being  done  before.  The  way  we  blew  in  when  I  first 
commenced  to  learn  the  business  was  to  put  in  the  wood  and  fill  in 
10  or  12  feet  of  coke,  and  light  that  below  and  wait  until  that 
burned  through ;  then  fill  another  layer  of,  say,  ten  feet,  and  wait 
again  till  the  fire  showed  on  top,  and  so  on  till  the  furnace  was  full. 
We  always  knew  when  it  got  through  by  a  heavy  explosion.  I 
think  that  the  practice  of  leaving  the  bell  open  after  the  blast  is  on 
is  a  bad  one.  I  think  that  as  soon  as  the  blast  has  been  on  for  a 
couple  of  hours,  and  you  get  the  gas  in  shape  so  that  it  lights  easily, 
the  bell  should  be  closed. 

As  to  the  question  of  the  effect  on  a  furnace  of  standing,  I  think 
the  greatest  danger  of  injury  is  from  rain  getting  down  between  the 
lining  and  the  casing. 

Where  you  have  several  inches  of  loam  back  of  the  brick  a  great 
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deal  of  moisture  may  creep  down  there,  aniees  it  is  very  carefully 
protected.  Even  if  you  keep  a  fire  inside  the  furnace,  a  constant 
stream  of  water  gping  down  outside  will  disintegrate  the  brick  very 
rapidly.  If  Mr.  Dean's  furnace  stood  idle  in  the  winter,  the  brick 
may  have  frozen. 

Mr.  Dean  :  We  kept  the  furnace  warm  all  the  time  with  the  gas 
from  the  other  furnace.  The  furnace  was  hot  below  and  the  bell  was 
warm.  I  may  add  that  the  furnace  was  lined  in  the  fall,  and  was 
thoroughly  dried  out,  and  that  the  gas  was  kept  on  and  the  furnace 
kept  hot  during  the  whole  interval ;  there  was  not  a  time  from  the 
fall  until  the  next  spring,  when  we  blew  in,  that  the  furnace  was  not 
hot — the  bottom  of  it  was  red-hot,  from  heating  with  gas  through 
an  eight-inch  pipe.  But  the  result  of  the  blast  was  so  unsatisfactory 
that  the  question  has  always  been  in  my  mind  whether  it  is  as  well 
to  line  a  furnace  before  you  want  to  use  it,  as  to  line  it  just  in  time 
to  dry  it  out  We  have  two  furnaces  at  our  place,  and  we  have  an 
equipment  for  running  both.  Our  policy  is,  Jiowever,  to  run  one  of 
the  furnaces  at  a  time,  and  by  the  time  the  life  is  out  of  the  furnace 
reline  it  and  use  the  other  furnace.  In  this  case  we  liifed  up  the 
furnace  about  nine  months  before  we  wanted  to  use  it. 

Mr.  H.  Kennedy  :  My  experience  has  been  that  if  the  fire- 
brick have  been  frozen  you  cannot  expect  them  to  last  well  in 
the  furnace  lining.  As  the  last  outside  layer  of  the  lining  would 
probably  be  the  part  of  the  lining  to  serve  for  the  last  half  of  the 
campaign,  I  think  such  a  defect  in  that  part  would  undoubtedly 
account  for  Mr.  Dean's  lining  not  doing  good  work.  We  had  a 
lining  got  ready  probably  two  years  ago,  and,  for  lack  of  better 
storage- room,  we  piled  it  up  and  roofed  it  in  carefully,  to  keep  it 
dry.  There  came  a  big  flood  in  November,  and*  the  water  came  up 
six  or  eight  inches  on  those  bricks ;  and  after  the  water  went  down 
the  bricks  were  frozen  in  ice  all  winter.  The  question  came  up 
what  would  be  the  effect  on  them.  They  were  a  part  of  the  top 
brick.  We  concluded  to  put  in  the  lining  just  as  it  was  and  run  the 
risk.  A  little  less  than  a  month  after  the  furnace  had  been  put  in 
blast  I  cut  a  hole  in  under  the  top  and  found  the  brick-work  just 
like  a  pile  of  ashes.  That  lining  made  166,000  tons;  but  when  we 
came  to  blow  out  we  could  find  holes  in  the  lining  where  the  brick- 
work was  all  gone,  showing  to  my  mind  that  the  freezing  had 
destroyed  the  brick  and  made  them  disintegrate  under  heat.  I 
have  also  seen  furnace-linings  that  have  stood  all  winter  and  been 
frozen,  and  my  theory  is  that  no  matter  how  you  dry  such  a  furnace- 
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lining  and  then  blow  in,  fonr  or  five  days  after  yon  have  blown  in, 
the  water  will  run  down  in  streams  out  of  the  brick-work.  Tou 
have  got  to  get  in  heat  enough  to  drive  it  out.  To  stand  over  winter 
I  think  will  ruin  any  lining. 

Mr.  Pechin  :  I  am  thoroughly  a  believer  in  what  Mr.  Hugh 
Kennedy  has  just  advanced ;  and  the  point  that  interests  me  greatly, 
and  to  which  I  pay  the  largest  attention  in  specifications  in  the  build- 
ing of  a  blast-furnace,  is  that  every  fire-brick  that  is  to  be  used  in 
the  furnace  must  come  under  cover  and  be  kept  under  cover  at  all 
hazards.  I  believe  the  largest  damage  that  can  come  to  a  furnace- 
lining  is  by  reason  of  the  disintegration  of  the  bricks,  wet  before 
putting  in,  or  improperly  dried.  In  Virginia  there  has  been  very 
serious  trouble  by  reason  of  the  giving  way  of  the  in-walls  immedi- 
ately under  the  bell.  A  furnace,  built  last  year,  only  ran  about  six 
or  eight  months,  when  one  morning  the  whole  of  the  lining  under 
the  bell  gave  way,  and  the  destruction  followed  right  down,  and 
they  had  to  shovel  out.  The  bricks  were  absolutely  disintegrated. 
I  think  unquestionably  that  disintegration  took  place  by  the  enor- 
mous amount  of  hot  vapor  that  was  generated  in  the  upper  12  feet 
of  the  furnace.  They  had  used  No.  2  Mount  Savage  brick,  which 
I  think  is  bad  practice  in  that  part  of  a  furnace.  The  brown  ores 
have  from  6  to  12  per  cent,  of  moisture;  the  Pocahontas  coke,  ex- 
pojsed  to  rain,  absorbs  much  water ;  and  the  result  is  that  there  is  a 
perfect  current  of  hot  vapor  passing  off  in  the  top  or  the  furnace, 
and  I  am  inclined  to  think  that  that  peculiar  condition  results  in 
wasting  the  brick.  Therefore,  I  have  strongly  recommended  in  our 
Virginia  furnaces — as  I  would  for  any  furnace,  in  fact — the  put- 
ting in  for  the  upper  15  feet  of  the  furnace  as  nearly  a  vitrified  brick 
as  can  be  got. 

The  President  read  the  following  communications,  giving  data 
of  practice  at  American  furnaces : 

R.  W.  Lee,  Jr.,  Logan,  Pa. :  The  Emma  furnace,  of  the  Logan 
Iron  and  Steel  Co.,  is  an  old  structure  which  has  been  raised,  its 
dimensions  being  as  follows: 

Feet. 

Total  height, 52 

Diameter  at  top  of  bosh, 9 

Diameter  of  hearth, 5 

Diameter  at  stock  line, 7 

Height  of  tuyeres,  above  bottom, 5 

Total  cubic  capacity  of  furnace,          ....      144P  cubic  ft. 
Cubic  capacity  to  stock- line, 1303        '* 

The  furnace  is  blown  by  one  vertical  Weimer  engine,  with  14-inch 
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steam  cylinder^  48-iDch  air  cylindery  stroke,  2  feet,  running  at  an 
average  speed  of  80  revolations  per  minute,  and  this  engine  has 
been  in  use  since  July,  1881,  running  continuously  at  from  70  to  90 
revolutions  per  minute ;  the  only  repairs  being  required  were  the 
insertion  of  some  new  rubber  blowing-valves  and  renewal  of  crank- 
pin  brasses.  The  air  is  heated  in  one  Durham  stove  up  to  800° 
Fahr. 

The  furnace  is  running  on  an  ore-mixture  of  soft  fossil-  and  roasted 
carbonate-ores,  from  the  company's  mines,  mill-cinder  and  some 
Lake  Superior  red  hematite;  the  mixtures  vary  according  to  the 
uses  to  which  the  iron  is  to  be  put,  the  percentage  yield  of  the  ore- 
mixture  running  from  67  to  43  per  cent,  and  the  average  being  47 
per  cent.  During  the  present  campaign,  which  commenced  June 
12,  1890,  the  furnace  has  averaged,  without  making  any  allowance 
for  stops,  24.2  gross  tons  per  day,  the  maximum  output,  which  has 
been  repeated  a  number  of  times,  being  30  gross  tons. 

The  operation  of  the  furnace  showed  a  consumption  of  2900 
pounds  of  coke  per  ton  of  iron ;  the  ores  charged  averaged  4873 
pounds  per  ton  of  iron  made,  and  in  addition  2561  pounds  of  lirae^ 
stone  were  charged.  This  is  equivalent  to  2.66  pounds  of  ore  and 
flux  per  pound  of  fuel ;  and  it  is  proper  here  to  state  that,  owing  (o 
the  fuel-record  being  charged  with  a  percentage-allowance  for  los^, 
the  furnace-bin  shows  a  considerable  stock  on  hand  which  does  not 
exist  on  the  books ;  therefore,  the  actual  fuel-consumption  is  some- 
what less  than  above,  and  the  amount  of  material  carried  per  pound 
of  fuel  correspondingly  greater. 

When  running  at  30  tons  per  day,  1  ton  of  iron  was  made  in  24 
hours  for  every  43.4  cubic  feet  of  furnace-capacity  ;  and  when  run- 
ning at  the  average  of  24.2  tons  per  day,  1  ton  of  iron  was  made 
for  every  63.8  cubic  feet. 

Edward  Dowd,  Sheffield,  Ala. :  The  Hattie  furnace  is  one  of 
the  two  furnaces  at  Sheffield,  Alabama,  owned  by  the  Lady  Ensley 
Coal,  Iron  and  R.B.  Co.     It  has  the  following  dimensions: 

Total  height 75  feet. 

Height  of  tuyere-line, 5}      *' 

Height  of  bosh, 35        " 

Diameter  of  hearth, 9       *' 

Diameter  of  bosh, 17        " 

Diameter  of  iitock-line» 12}     *' 

Diameter  of  bell, 8}      •* 

Cubical  capacity, 10,000        " 

Number  of  tuyeres, 8 

Size  of  tuyeres, 6  inches. 
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Volume  of  blast  per  minate,        ....      14,000  cubic  feet 

Temperature  of  blast, IIOO'^  Fah. 

Pressure  of  blast, 5  Ibe. 

Average  make  of  iron  for  six  months  ending  March 

30,  1891,  per  day, 146  tons  of  2300  lbs. 

Average  consumption  of  coke  per  ton  of  iron,  .        .   2451  lbs. 

Average  yield  of  ores, 48^  per  cent. 

Ore  used,  native  brown  hematite. 
.  Coke  used,  Pocahontas  Flat  Top. 
Limestone  used,  Darlington  Oolitic. 

Tabulatiog  this  informatioD  and  comparing  it  with  the  best  work 
reported  by  Mr.  James  Gayley  in  his  admirable  paper^  read  at  the 
American  meeting  of  the  Iron  and  Steel  Institute,  on  *'  The  Devel- 
opment of  American  Blast-Furnaces,  with  Special  Reference  to  Large 
Yields,"  we  will  compare  with  the  furnace  doing  the  best  work,  and 
described  in  his  paper  in  Fig.  8,  being  one  of  the  Edgar  Thomson 
furnaces. 


Cubical  capacity,  cubic  feet. 
Volume  of  air  per  minute,  cubic  feet. 
Temperature  of  blast,  degrees  Fahr.,  . 
Pressure  of  blast,  lbs.  per  sq.  inch, 

Number  of  tuyeres 

Size  of  tuyeres,  inches, 

Average  daily  output,  gross  tons, 

Average  coke  consumption,  lbs.  per  ton  of  iron. 

Furnace-capacity  for  1  ton  of  iron, 

Average  yield  of  ores,  per  cent., 


Fig.  8  of  Mr. 

Hattle  Enaley 

Gayley's  Paper. 

Furnace. 
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To  arrive  at  a  fair  comparison  we  mast  take  into  account  the  dif- 
ference in  the  size  of  the  two  furnaces,  and  the  difference  in  the  yield 
of  the  ores. 

Bringing  the  Hattie  up  to  the  same  size  as  Mr.  Gajley's  furnace 
Fig.  8,  and  ores  up  to  the  yield  of  his  own,  we  have  the  following, 
showing  more  nearly  a  true  comparison. 


Cubical  capacity. 
Volume  of  air  per  minute, 
Temperature  of  blast. 
Pressure  of  blast. 
Number  of  tuyeres, 
Size  of  tuyeres,    . 
Average  daily  output, . 
Average  coke-consumption. 
Furnace  capacity  per  ton  of  iron, 
Average  yield  of  ores. 


Fig.  8  of  Mr. 

Hattie  brought  to 

Gay  ley's  Paper. 
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It  will  be  Been  that  the  small  furnace  is  producing  at  a  higher 
rate  than  the  large  one,  when  the  compensations  are  taken  into 
account^  and  on  as  low  a  consumption  of  fuel,  notwithstanding 
that  the  small  furnace,  by  reason  of  having  more  tuyeres  and  as 
many  coolers,  suffers  a  loss  of  almost  double  the  amount  of  heat  per 
ton  of  iron  made,  in  the  tuyeres  and  cooler-water. 

The  President  also  read  the  following  statement,  furnished  by 
Mr.  E.  Fitz  Gerald,  manager  of  the  Antrim  Iron  Co.,  Mancelona, 
Mich. : 

On  blast  No.  2  we  blew  in  on  the  1st  of  June.  The  first  year  we 
ran  340  days;  product,  16,162  tons;  the  second  year,  352  days; 
product,  16,368  tons;  the  third  year,  361  days;  product,  19,561 
tons;  the  fourth  year,  340  days;  product,  22,412  tons;  the  fifth 
year,  345  days ;  product,  25,563  tons.  For  8  months  of  the  last 
year  No.  1  stack  also  was  in  blast ;  product,  15,062  tons,  making  a 
total  of  40,625  tons  for  the  fifth  year.  The  first  blast  of  the  original 
stack  covered  a  period  of  22  months ;  product,  30,283  tons. 

To-day  the  only  parts  of  the  original  purchase  left  are  the  engine 
and  oven.  All  the  buildings  have  been  removed  and  replaced  and 
added  to  with  brick  and  iron.  Two  new  engines  (30  x  48  x  72), 
No.  1  and  No.  2  stacks,  3  ovens,  11  boilers,  new  hoisting  engine, 
angle-iron  tower,  iron  gallery  and  platforms,  4  pumps,  93  kilns, 
office,  store,  dwellings,  warehouse,  shops,  stables,  etc.,  have  been 
erected. 

From  the  date  of  the  purchase,  March  5,  1886,  to  the  present 
time,  the  property  has  been  idle  148  days.  Total  product  to  date, 
115,118  tons. 

Antrim  Stack,  No.  1.     General  Dimensions. 

Total  height, 48  feet. 

Diameter  of  bosh, 10    " 

"          crucible, 5    "  6  in. 

"         tunnel-head,       .        .        .  '     .        .        .  7    ** 

"         stock-line, 8    "  6  in. 

Gross  cubic  contents,     . 2415  cubic  it. 

Net  cubic  contents, 2176      '* 

6  tuyeres,  diameter, 4  inches. 

Performance,  Blast  No.  1,  April  14,  1888,  to  April  22,  1891. 

Total  number  of  days  in  blast, 1,103 

Days  in  actual  operation, 1,057 

Small  Weimer  engine  (16  z  30  x  48),  in  service,        .  582  days. 

Product, 32,326  tons. 

Daily  average, 56    '^ 
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Lai^e  Weimer  engine  (28  z  48  x  72),  in  service,        .  475  days. 

Product, 34,584  tons. 

Daily  average, 73    ** 

Total  prodact  of  blast, 66,910    '' 

Daily  average, ,.  63    ** 

Charcoal  used,    .......        .6,811,700  bushels. 

Charcoal  per  ton  of  iron, 103        ** 

Yield  of  charcoal  per  cord  of  wood,    ....  47        " 

Ore  used, 116,380  tons. 

Average  yield  in  furnace,  ......  57}  per  cent. 

Average  burden  per  charge, 1,340  lbs. 

Pounds  of  ore  charged  per  pound  of  coal,  .        .        .  2.07 

Air-discharge,  per  revolution,  small  engine,      .      • .  62  cubic  ft. 

Average  revolutions  per  minute,  small  engine, .        .  75 

Air^ischarge,  per  revolution,  large  engine,      .  226  cubic  ft. 

Average  revolutions  per  minute,  large  engine,  .        .  35 

Largest  day's  product, 93  tons. 

Largest  week's  product, 580    ** 

Largest  month's  product, 2.410    " 

Fayette  Brown,  Cleveland,  O. :  We  have  at  the  works  of 
Brown,  Bonnell  &  Co.,  Youngstown,  O.,  two  furnaces,  one  of 
which  is  probably  the  smallest  furnace  in  the  State.  One  is  56  feet 
high,  12^  feet  bosh.  The  other  is  14  feet  bosh  and  60  feet  high. 
They  are  old-fashioned  shells,  very  small  at  the  top,  very  little  room 
in  the  shell.  Each  of  them  has  two  small  iron  stoves.  The  small 
one  runs  frequently  100  and  sometimes  110  tons  a  day,  generally 
about  90  tons.  The  other  one  runs  from  110  to  138  tons.  I  think 
the  two  furnaces  will  have  made  about  70,000  tons  of  iron  in  the 
year  ending  the  1st  of  July,  1891.  The  consumption  of  coke  is 
larger,  of  course,  than  it  is  in  some  of  these  large  furnaces,  for  the 
reason  that  we  use  a  great  deal  of  lime,— some  of  the  time  as  much 
as  1500  pounds  of  lime  to  the  ton  of  iron.  Our  coke  runs  up  then 
to  about  2600  pounds  to  the  ton.  When  we  use  less  lime,  we  get 
the  coke  down  to  about  2300  pounds  to  the  ton.  The  furnaces  are 
old-fashioned.  One  of  them  has  only  one  engine,  84  inches  by  4 
feet  stroke*  The  other  has  an  engine  of  the  same  size  and  another 
of  a  small  size.  The  furnaces  are  anything  but  models,  but  they  have 
done  good  work.  The  tons  of  pig-iron  referred  to  are  gross  tons,  of 
2268  pounds  if  cast  in  the  sand  bed,  or  2240  if  cast  in  chills.  The 
tons  of  coke,  coal  and  limestone  are  net  tons  of  2000  pounds. 

Mb.  H.  Kennedy  :  The  Isabella  furnace  No.  2  was  in  blast  4  years 
11  months  and  5  days  on  mill-iron  continuously,  using  never  less 
than  25  per  cent,  mill-cinder  and  coke,  which  will  run  15  per  cent, 
ash,  and  made  in  that  time  297,968  gross  tons  of  iron,  with  2350 
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pounds  of  coke  to  the  ton.  It  was  lined  to  18  feet  bosh,  with  14  feet 
stock-line  and  11  feet  hearth. 

Mr.  Johnson  :  These  immense  furnaces  that  Mr,  Gayley  writes 
about  seem  to  over\Yhelra  our  little  furnace.  We  make  only  about 
100  tons  a  day  in  two  furnaces,  one  of  them  14  and  the  other  16  feet 
in  diameter,  and  each  about  60  feet  high,  with  10-foot  tops.  No.  2 
does  rather  better  than  No.  1.  It  is  making  65  to  60  tons  a  day, 
with  a  consumption  of  1900  pounds  of  coke.  Our  tons  are  2280 
pounds,  including  the  allowance  for  sandage.  We  have  done  a 
great  deal  better  than  that  in  times  past.  As  long  ago  as  1879  we 
ran  a  whole  year  with  a  small  furnace  11  feet  in  diameter,  60  feet 
high,  and  8  feet  top,  where  the  yearns  work  showed  about  2000 
pounds  of  coke  to  a  ton  of  iron,  and  one  week's  record  was  219.5 
tons  of  iron  to  187  of  coke ;  but  for  some  reason  we  are  not  able  to 
do  that  any  more.  The  ore  now  yields  about  46  per  cent.,  as  against 
47  formerly.  Of  course,  the  additional  2  per  cent,  in  the  ore  helped 
us  very  much  in  fuel-economy. 

Lee  Burt,  Detroit,  Mich. :  For  the  benefit  of  some  gentlemen 

in  the  charcoal-iron  business,  I  will  say,  as  a  director  of  the  Union 

Iron  Co.'s  furnace  in  Detroit,  that  during  the  last  year  our  average 

make  was  32.9  tons  (at  2240  lbs.)  of  iron  per  day,  with  an  average 

fuel-consumption  of  87.11  bushels  (20  pounds  each),  or  1742  pounds, 

per  ton.     It  is  a  small  furnace,  built  in  1872,  and  the  lines  have  not 

•been  changed  since  1879,  except  to  increase  the  height  of  the  tuyeres 

.from  3  ft.  to  3  feet  8  ins.,  leaving  9  ft.  4  ins.  from  center  of  tuyere 

(to  top  of  bosh.    The  total  length  of  the  last  blast  was  962  days; 

•product   of   iron,  31,652^   gross  tons;    consumption  of  charcoal, 

2,759,539  bushels;    of  ore,  53,407  tons  (yield,  59.2   per  cent.); 

limestone,  1505  tons  (2.8  per  cent.).     Yield  of  charcoal  per  cord  of 

wood,  about  49  bushels.     The  heat  of  the  blast  was  about  800^  F. 

Mr.  J.  Kennedy:  I  would  like  to  hear  from  some  of  oar 
mathematical  friends  as  to  comparisons  between  furnaces  of  different 
sizes,  and  also  with  different  ores.  My  experience  has  been  that,  on 
a  58  per  cent,  mixture,  I  could  always  get  better  yield,  in  proportion, 
than  on  a  higher  mixture.  Some  ores,  again,  will  give  a  better  yield 
than  others  which  carry  no  lime.  I  have  always  had  the  impres- 
sion, also,  that  a  furnace  of  9000  cubic  feet  capacity  would  make 
more  than  half  the  iron  that  one  of  18,000  cubic  feet  capacity 
would. 

R.  W.  Raymond,  New  York  City :  As  far  as  our  experience  at 
the  .Durham  furnace  shows, — and  I  suppose  on  this  point  an  anthra- 
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cite-furnaoe  may  be  as  good  a  source  of  information  as  a  coke-fur- 
nace^— we  find,  first,  that  we  cannot  make  comparisons  based  solely 
upon  the  percentage  of  iron  yielded  by  the  ore.  Of  course  it  is  an 
essential  matter  what  else  is  in  the  ore  besides  the  ore  which  yields 
the  iron ;  for  instance,  whether  it  is  a  self-fluxing  ore,  or  even  one 
which  carries  so  much  lime  that  it  can  flux  other  ores.  These  ele- 
ments directly  determine  the  weight  of  the  furnace-burden,  and  to 
determine  what  Mr.  Hartman  calls  the  carbon  duty  of  the  fuel  con- 
sumed in  your  furnace,  you  must  take  into  consideration  both  the 
weight  and  the  nature  of  the  burden ;  the  amount  of  ash  in  the  fuel ; 
the  amount  of  slag  made ;  the  heat-absorbing  capacity  of  that  par- 
ticular slag;  the  grade  of  iron  produced,  and  the  heat-absorbing 
capacity  of  that  grade.  The  comparison  thus  becomes  very  compli- 
cated. Secondly,  as  to  comparisons  directly  calculated  from  cubic 
capacity,  I  think  that  Mr.  Kennedy  is  perfectly  right;  and  perhaps 
the  reason  is,  that  merely  doubling  the  capacity  of  a  stack  is  not 
necessarily  doubling  its  productive  elements.  There  is,  in  the  first 
place,  an  unknown  excess  of  space  in  the  reducing  zone  in  the  upper 
part  of  the  furnace.  I  think  this  is  generally  true  of  American 
blast-furnaces.  We  are  on  the  safe  side,  and,  as  a  general  rule,  I  do 
not  think  our  furnaces,  when  running  normally,  whether  on  the 
hematites  of  Lake  Superior,  brown  hematites,  or  magnetites,  permit 
unreduced  ore  to  reach  the  tuyeres  through  lack  of  reducing-space. 
Now  the  height  (i.e.,  the  vertical  thickness)  of  the  melting-zone  does 
not  increase  in  proportion  to  increased  dimensions.  Consequently, 
if  of  two  furnaces,  exactly  similar  in  form,  one  has  four  times  the 
capacity  of  the  other,  its  melting-zone  will  have  little  more  than 
double  capacity.  This  is  an  extreme  example;  and,  moreover,  large 
and  small  furnaces  are  not  usually  similar  in  form.  But  the  illus- 
tration shows  that  aggregate  capacity  is  no  basis  for  direct  compari- 
son, because  it  does  not  furnish  the  necessary  data  concerning  the 
actually  productive  part  of  the  furnace.  In  other  words,  the  un- 
known excess  of  reducing-space  is  probably  greater  in  proportion  in 
large  furnaces  than  it  is  in  small  ones,  and  hence  smaller  furnaces 
are  likely  to  make  more  iron  in  proportion  to  their  aggregate  cubic 
capacity,  because  there  is  relatively  a  larger  part  of  the  furnace 
directly  producing,  and  a  smaller  part  inactive.  Mr.  J.  S.  Facken- 
thal,  superintendent  at  Glendon,  tells  me  that  the  smaller  furnace 
there  produces  more  in  proportion,  and  I  presume  the  experience  is 
general. 

Again  if  it  be  measurably  true  that  increased  productive  capacity 
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'  must  be  measured  by  the  capacity  of  the  melting-zone,  and  that  this 
zone  cannot  be  increased  to  any  great  extent  in  vertical  thickness,  it 
follows  that  the  increase  must  be  mainly  in  diameter.  And  here 
we  are  limited  by  the  conditions  determining  the  penetration  and 
amount  of  effective  blast.  A  large  furnace  with  inadequate  blow- 
ing-capacity or  unsuitable  tuyere-arrangements  cannot  be  driven  to 
its  full  capacity.  And  there  is  a  point  where  increase  of  diameter 
at  the  tuyeres  ceases  to  be  beneficial  anyhow.  Moreover^  putting 
in  more  air,  after  the  fuel  in  the  melting-zone  has  received  all  it 
can  utilize  in  the  unit  of  time,  is  worse  than  useless.  In  our  anth- 
racite-furnaces we  reach  the  limit  sooner  than  with  coke ;  and  this 
is  the  principal  reason  of  the  present  general  practice  of  mixing  coke 
with  the  anthracite  (generally,  I  think,  about  20  to  25  per  cent  of 
coke),  in  order  to  get  a  fuel  which  will  take  more  air  within  the 
space  of  the  proper  zone.  !Now,  all  these  elements  enter  into  the 
calculation  of  the  relative  efficiency  of  furnaces,  and  I  very  heartily 
second  what  I  suppose  to  be  the  underlying  thought  of  Mr.  Ken- 
nedy's remark.  I  do  not  think  the  hypothetical  comparison  made 
by  Mr.  Dowd  valid.  The  coal  we  use  is  lump-coal — the  largest  size. 
Our  experience  is  that  somewhat  smaller  sizes  are  just  as  good. 

Alexander  E.  Browx,  Cleveland,  O. :  Is  not  the  actual  theory 
and  fact  that  the  smaller  coal,  say  egg  size,  is  much  better  than  any- 
thing larger — that  is,  arguing  upon  the  same  theory  that  the  coke  is 
porous  and  has  a  large  surface  immediately  exposed  to  the  air,  and 
from  the  statement  that  the  anthracite  will  only  receive  so  much  air 
at  a  time,  if  you  break  up  that  lump  that  is  only  exposed  on  the 
outside  you  have  quadrupled  the  surface  ?  I  know  in  one  furnace 
just  simply  the  suggestion  of  that  increased  the  output  nearly  50 
per  cent,  using  small  coal,  and  breaking  up  the  limestone  in  equal 
proportion. 

Mr.  Raymond:  It  must  be  remembered  that  lump-coal  is 
cheaper  than  the  prepared  sizes,  and  I  am  inclined  to  think  the  coal 
is  considerably  broken  up  by  the  time  it  gets  down  into  the  zone  of 
the  tuyeres  to  burn.  On  the  other  band,  it  is  not  certain  that  uni- 
formly small  coal  will,  by  reason  of  its  greater  exposure  of  surface, 
act  like  porous  coke.  It  may  pack  and  resist  the  passage  of  air. 
We  are  all  sometimes  troubled  with  high  pressures.  We  are  blow- 
ing a  great  many  more  pounds  with  our  engines  at  most  American 
furnaces  than  used  to  be  considered  at  all  wise;  and  the  increased 
pressure  of  blast  which  might  be  required  to  force  air  through  fine 
material  is  a  pretty  serious  question^  when  our  margin  of  pressure  is 
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small  anyhow.  We  are  taking  in  a  great  deal  more  fine  ore  than 
formerly.  There  is  a  considerable  percentage  of  fine  ore  used  in  the 
Durham  furnace ;  and  all  through  our  part  of  the  country  our  blast- 
furnace managers  are  nerving  themselves  to  use,  not  merely  the 
amount  of  fine  ore  that  they  make  in  handling  their  own  ores,  but 
also  other  fine  ores,  such  as  concentrates,  or  ores  like  those  of  the 
Belvidere  mine  in  New  Jersey,  which  are  very  rich,  but  almost  like 
sand. 

Mr.  a.  Brown  :  Is  it  not  a  fact  that  the  amount  of  air  taken  into 
the  furnace  per  ton  of  iron  produced  is  in  inverse  ratio  to  the  sur- 
face exposed  by  the  fuel?  Charcoal,  which  gives  by  far  the  largest 
exposure  of  available  carbon,  takes  the  least  of  all  fuels  in  air  per 
ton  of  iron  and  coke  next,  while  anthracite  stands  highest  in  the  re- 
quirement of  air,  and  the  coarser  the  coal  the  larger  the  volume  of 
air  required.  If  the  passage  of  air  is  delayed  by  the  fineness  of  the 
fuel,  it  is  delayed  to  burn,  and  cannot  go  through  to  be  wasted. 

Mr.  Birkinbine:  Mr.  Brown's  original  statement,  that  the 
smaller  the  coal  the  better  work  you  get  out  of  a  blast-furnace, 
agrees  with  my  views.  My  reason  for  saying  that  is  that,  some  years 
ago,  I  was  commissioned  by  one  of  our  large  coal  and  iron  compa- 
nies to  make  some  investigations  as  to  the  possibility  of  the  further 
extension  of  the  use  of  anthracite  coal  alone  in  the  manufacture  of 
pig-iron.  In  doing  so  I  found  that  in  every  case  investigated,  where 
a  blast-furnace  had  been  forced  by  reason  of  strikes,  when  they  could 
not  get  lump-coal,  to  use  the  smaller  sizes,  the  furnace  made  more 
iron  in  the  same  length  of  time  and  with  less  consumption  of  fuel. 
It  is  economically,  however,  an  important  fact  that  the  egg-coal  is 
more  expensive  than  the  lump. 

The  results  of  experiments  in  the  use  of  magnetic  concentrates  in 
the  anthracite  furnace  at  Port  Henry  will,  I  trust,  be  fully  commu- 
nicated to  the  Institute  hereafter  by  Mr.  Langdon.  Meanwhile, 
I  can  say,  in  a  general  way,  that  the  use  of  this  material  consider- 
ably increased  the  daily  yield  of  the  furnace,  while  it  decreased  the 
amount  of  limestone  used  and  fuel  consumed ;  but  it  did  not  in- 
crease the  proportion  of  foundry-iron  made.  About  1400  tons  of 
concentrates  were  thus  used,  in  the  proportion  of  about  40  per  cent, 
of  the  total  ore-charge.  This  was  subsequently  carried  to  60  per  cent, 
and  more,  with  a  further  decrease  in  fuel-consumption. 

Mr.  Dean  :  The  furnaces  that  we  operated  first  were  15  feet  in 
diameter  and  60  feet  high.  At  that  time  we  made  80  tons  of  iron 
a  day.     We  afterwards  changed  our  furnaces  to  17  feet  diameter  and 
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75  feet  high,  which  is  about  60  per  cent,  more  cubic  capacity,  and 
we  made  135  tons  a  day,  with  a  blast  temperature  of  800  degrees. 
The  increase  seemed  to  have  kept  up  the  ratio.  The  difference  that 
we  found  in  the  furnaces  was  that  the  smaller  furnace,  15  x  60,  under 
the  same  management,  on  the  same  ores,  used  2800  pounds  of  coke 
per  ton  of  iron,  while  the  larger  furnace  used  but  2400.  By  getting 
increased  heat  we  have  been  able  to  make  over  200  tons  a  day  on  less 
than  1900  pounds  of  coke,  with  a  temperature  of  1300  degrees.  Our 
experience  seems  to  prove  that  we  have  increased  our  product  in 
proportion  to  the  number  of  cubic  feet  in  the  furnace. 

Mr.  Pechin  :  This  matter  is  getting  pretty  deep  for  an  off-hand 
discussion.  There  have  been  at  least  half-a-dozen  points  brought 
up  here  in  the  last  half-hour,  each  of  which  is  of  sufficient  import- 
ance to  keep  us  all  here  for  a  pretty  long  session.  It  seems  to  me 
that  in  endeavoring  to  compare  the  work  of  different  furnaces,  you 
must  take  one  thing  into  very  careful  consideration — not  merely  the 
percentage  of  iron  in  the  ores,  but  the  shape  in  which  that  percentage 
exists.  Mr.  Kennedy  will  recollect  that  last  fall,  in  New  York, 
when  some  of  our  English  friends  were  making  herculean  attempts 
to  show  that  we  ought  not  to  get  such  big  yields  out  of  our  furnaces 
as  we  did,  and  that  there  was  no  good  reason  why  we  should,  I  asked 
him,  after  one  of  the  sessions,  this  question :  Whether  the  physical 
conditions  of  the  ore  had  not  a  great  deal  to  do  with  the  large  yield? 
I  had  asked  Sir  Lowthian  Bell  that  question  before,  because  it  seemed 
to  me  that  I  recollected  something  in  his  book  that  had  a  direct  bear- 
ing on  the  subject.  But  he  was  not  disposed  to  concede  that  it  made 
any  difference  in  the  present  case.  Mr.  Kennedy,  however,  told  me 
that  if,  in  place  of  the  soft  Lake  Superior  hematites,  used  by  Mr. 
Gayley  and  himself,  they  had  a  hard  specular  Lake  Superior  ore,  they 
would  not  have  got  anything  like  so  large  a  yield.  If,  in  place  of 
the  hard  ores  of  Lake  Superior,  we  should  put  on  the  magnetic 
ores  of  Lake  Champlain  or  New  Jersey,  we  would  find  a  very  marked 
difference  again.  In  his  book,  as  I  recall  it,  Sir  Lowthian  Bell 
makes  a  special  point  as  to  the  rapidity  of  reduction  owing  to  the 
different  physical  conditions  of  the  ores — that  the  Cumberland  hem- 
atites reduced  in  a  given  time;  the  Cleveland  stone  took  much 
longer  ;  the  specular  ore  took  a  very  longtime.  He  makes  another 
point  there,  which  seems  to  me  to  have  some  bearing  on  the  inquiry 
as  to  the  use  of  fine  concentrates.  I  think  he  says  that,  so  far  as 
Cleveland  iron-stone  is  concerned,  reduction  practically  took  place 
within  12  to  15  feet  of  the  top  of  the  furnace;  and  that  at  that  poin^. 
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he  found  no  ore  \vhatever  except  in  the  shape  of  powder.  And  if 
the  reduction  takes  place  in  proportion  to  the  rapidity  and  the  readi- 
ness with  which  each  particle  of  ore  comes  in  contact  with  the  volume 
of  carbonic  oxide  gas  going  up  through  the  furnace,  why  isn't  it  a 
great  deal  better  for  rapid  reduction  that  the  ore  should  go  into 
the  furnace  small  ?  Do  not  lumps  have  to  be  broken  up  by  de- 
crepitation in  the  furnace  before  they  are  in  condition  for  carbonic 
oxide  gas  to  act  readily  upon  them  in  reducing  them  ?  As  to  Mr. 
Dowd's  comparison,  he  has  extraordinary  material  to  work  with.  He 
has  a  beautiful  brown  ore,  as  clean  as  any  I  ever  saw  in  my  life.  I 
have  gone  into  his  stock-house  and  taken  up  a  handful  of  brown  ore, 
which  I  could  have  put  into  a  white  pocket  handkerchief  without 
soiling  it,  so  far  as  any  accompanying  clay  or  earth  was  concerned. 
Every  little  particle  of  it  is  hard  and  separate  from  each  other.  That 
beautiful  stuff  goes  into  the  top  of  his  furnace  in  a  splendid  condition.. 
It  is  a  porous  ore.  The  result  is  that  he  can  drive  the  furnace  for 
all  it  is  worth,  and  he  does  get  an  extraordinary  yield  with  Poca- 
hontas coke.  But,  if  he  were  to  put  our  wet  and  soggy  mud  into 
his  furnace,  I  doubt  whether  be  would  be  able  to  get  up  a  paper  of 
comparison  such  as  has  been  presented  to  us  to-night. 

I  am  perfectly  willing  to  concede  that  the  percentage  of  iron  in 
the  ore  is  an  important  factor;  but  the  question  seems  to  be  quite 
as  important,  whether  the  ore  is  reducible  more  or  less  easily,  and 
whether  its  mechanical  condition  is  favorable  to  rapid  reduction. 

[The  following  is  a  continuation  of  Mr.  Pechin's  remarks  in  a 
subsequent  communication  to  the  Secretary.] 

Since  the  above  discussion  took  place  I  have  taken  the  opportu- 
nity of  looking  up  Sir  Lowthian  Bell's  experiments,  and  they  seem 
to  sustain  the  position,  that  the  physical  condition  of  the  ore  has 
much  to  do  with  the  rapidity  of  reduction,  and,  consequently, 
working. 

On  page  18  of  Chemical  Pheniomena  of  Iron  Smelting,  after  giving 
the  experiments  made  by  him,  Nos.  31  to  41,  he  says:  "These  ex- 
periments are  sufficiently  instructive  in  pointing  out  the  influence 
which  molet^ular  structure  is  considered  to  exert  in  rapidity  of  de- 
oxidation."  In  continuing  his  experiments  Sir  Lowthian  found 
(page  19)  that  reduction  was  greatly  accelerated  by  passing  a  rapid 
current  instead  of  a  slow  current  of  CO  over  the  ore,  and  that  this 
was  particularly  marked  in  the  Lancashire  hematites  as  against  the 
Cleveland  carbonates  and  the  Elba  speculars. 
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Compared  with  each  other,  the  percentage  of  original  oxygen  lost 
under  the  conditions  of  his  experiments  (page  19)  was  as  follows : 


Lancashire. 

Cleyeland. 

Elbe. 

Slow  current  of  CO, . 

.    35.9 

37.3 

16.8 

Rapid    **          «        .        . 

.    70.9 

60.6 

18.1 

It  is  to  be  regretted  that  Mr.  Gay  ley  in  his  experiments  {IVans,, 
xix.,  991)  did  not  also  try  the  effect  of  a  rapid,  as  well  as  a  slow, 
current  on  the  Lake  Superior  ores.  Such  a  test  might  have  given 
valuable  information.  It  seems  safe  to  assume,  however,  that,  with 
our  rapid  driving,  our  soft  hematite  ore  reduced  with  extraordinary 
rapidity,  and  reaching  a  greatly  enlarged  zone  of  fusion  in  a  prime 
condition,  enormous  quantities  are  almost  instantly  melted,  resulting 
in  our  large  outputs. 

At  any  rate,  we  know  by  experience  that  in  the  same  furnace, 
when  we  use  a  less  reducible  ore — even  if  richer  in  iron — ^the  output 
is  greatly  decreased. 

Does  it  not  seem  to  follow  that  '^molecular  structure"  may  have 
a  good  deal  to  do  with  it  ? 

Mr.  Raymond  :  Let  me  add  that  the  paper  of  Mr.  Jasper  Whit- 
ing, ''Some  Experiments  on  Blast-Furnace  Gases,'*  presented  at 
this  meeting,  illustrates  very  forcibly  the  complexity  of  the  problem 
we  have  been  talking  about;  and  also  the  true,  though  most  patient 
and  laborious  method  of  dealing  with  it.  The  diagrams  of  Mr. 
Whiting  will  be  engraved,  and  members  will  find  the  paper  worthy 
of  much  deeper  study  than  can  be  given  to  it  here.  After  all,  the 
blast-furnace  gases  tell  the  story  of  technical  economy. 

Mr.  Pechin  :  It  is  of  course  impossible  to  discuss  at  the  moment 
such  a  paper  as  Mr.  Whiting's.  It  strikes  me  as  one  of  the  most 
valuable  ever  presented  to  the  Institute. 


SOME  EXFEBIMEJSIS  ON  BLAST-FURNACE  OASES, 

BY  JASPER  WHITING,   SOUTH  CHICAGO,   ILL. 
(Cleveland  Meeting,  June,  1891.) 

It  is  well  known  that  there  is  no  better  indication  of  the  working 
of  a  blast-furnace  than  is  given  by  analyses  of  its  gases ;  yet  although 
many  individual  analyses  have  been  made,  there  is,  I  think,  no 
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record  of  any  continuous  series  of  such  analyses  extending  over  a 
considerable  length  of  time. 

With  the  hope  of  obtaining  a  clearer  knowledge  of  the  influence 
which  the  different  factors  in  furnace-work  exert  on  the  composition 
of  these  gases,  such  a  series  was  undertaken.  Three  furnaces  be- 
longing to  the  Illinois  Steel  Company  were  chosen  for  experiment, 
because,  while  they  were  being  worked  under  quite  similar  condi- 
tions in  regard  to  ores,  fuels  and  fluxes,  they  varied  largely  in  shape, 
size  and  rate  of  driving.  Four  to  six  analyses  were  made  each  day^ 
and;  with  each  analysis,  observations  of  the  several  factors  were 
taken.  These  observations,  together  with  the  ratio  of  (X),  to  CO 
in  the  gases,  are  tabulated  in  graphical  form  on  the  accompanying 
diagrams. 

Before  examining  these  diagrams,  it  may  be  interesting  to  glance 
at  the  changes  which  the  composition  of  the  gas  underwent  during 
the  "  blowing-in  "  of  Furnace  No.  1,  Union  Works.  It  was  lighted 
at  10  P.M.,  August  8,  1890.  Just  ten  hours  later  the  first  sample 
of  the  gas  was  taken  and  found  to  contain  CO,  and  CO  in  the  pro- 
portion of  1  to  2.3.  Gradually  this  increased  until  at  1  p.m.,  the  hour 
at  which  the  blast  was  put  on,  it  became  9.1.  From  this  time,  as 
the  furnace  grew  hotter,  this  ratio  very  rapidly  increased,  and  at 
3.30  P.M.  on  the  same  day  it  showed  41.25 ;  or,  in  other  words,  the 
escaping  gases  were  practically  all  CO.  This  state  of  things,  how- 
ever, did  not  last  long,  for  the  next  analysis,  at  6  o'clock  that  after- 
noon, gave  a  ratio  of  only  10,  showing  that  reduction  of  the  ore  had 
begun. 

This  furnace  at  once  began  to  do  exceptional  work ;  and  it  may  be 
noticed  here  that  on  August  16th,  just  a  week  after  the  blast  was 
first  put  on,  the  ratio  fell  below  "the  theoretical  limit"  of  2  and 
continued  to  be  below  that  point,  with  a  few  exceptions,  throughout 
the  series  of  experiments.  Indeed,  for  a  period  of  two  weeks,  be- 
ginning September  2d,  the  ratio  averaged  only  1.50  and  in  one  case 
fell  to  1.35.  During  this  time  the  furnace  broke  all  previous  records 
for  low  fuel,  with  one  exception,  and  this  with  a  production  averag- 
ing nearly  20  tons  of  iron  per  1000  cubic  feet  of  capacity. 

If  now  the  diagrams  be  examined,  with  a  view  of  determining 
what  effect  the  different  factors  shown  have  on  this  ratio,  one  will 
be  struck  first  by  the  degree  to  which  it  is  influenced  by  the  tem- 
perature of  the  escaping  gases.  In  general,  these  two  elements  vary 
in  direct  proportion — indeed,  the  exceptions  are  so  few  that  it  might 
almost  be  said  that  a  record  of  the  temperatures  of  these  gases  would 
be  equivalent  to  a  record  of  analyses. 
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A  study  of  the  line  representing  the  relative  humidity  of  the  at- 
mosphere shows  that  it  follows,  almost  without  exception,  the  main 
changes  in  the  gas-ratio-lines.  This  is  more  clearly  indicated  in  the 
two  South  Works  furnaces,  where  the  observations  were  made  more 
frequently  than  at  the  Union  furnace.  It  proves  conclusively  that 
any  application  of  water-gas  through  the  tuyeres  cannot  but  have  a 
harmful  effect  on  the  working  of  the  furnace. 

With  regard  to  the  other  lines,  it  is  hard  to  deduce  any  law,  there 
being  so  many  variables  present  that  changes  in  the  composition  of 
the  gases  cannot  be  attributed  to  any  one  of  the  factors  alone. 

If  now  the  ratio-lines  on  all  the  furnaces  be  compared,  it  will  be 
seen  that  Union  Furnace  No.  1  (when  working  on  a  full  burden, 
beginning,  say  September  2d)  has  by  far  the  lowest  and  most  regu- 
lar line  of  all.  That  of  South  No.  2  comes  next  in  height,  with 
less  regularity,  while  South  No.  1  shows  the  highest  and  most  irr^u- 
lar  line.  On  referring  to  the  following  page,  showing  "  Distribu- 
tion of  Heat,"  it  will  be  seen  that  a  great  difference  exists,  both  in 
shape  and  size,  between  the  Union  furnace  and  the  two  South 
Chicago  furnaces,  which  are  quite  similar  to  each  other.  The 
former,  while  about  equal  in  height,  has  a  narrow  bosh,  a  steep 
angle  to  the  boshes,  and,  above  all,  a  narrow  stock-line  and  a  cor- 
respondingly narrow  bell.  The  latter  two  present  quite  opposite 
conditions. 

Further  down  on  the  page  it  will  be  seen  that  there  is  a  differ- 
ence of  44  per  cent,  in  the  amount  of  carbon  burned  in  the  zone  of 
reduction  ;  a  difference  of  100°  C.  in  the  temperature  of  the  escaping 
gases;  and  (most  important  of  all)  a  difference  of  13  per  cent,  in  the 
total  heat  developed  in  the  furnace  per  unit  of  carbon  burned. 
Moreover,  owing  to  the  very  regular  composition  of  the  gases  at 
"Union,"  it  follows  that  the  composition  of  the  iron  would  be  cor- 
respondingly regular,  making  it  much  easier  for  the  manager  to  run 
to  a  desired  composition.  These  differences  seem  to  be  due  chiefly 
to  the  width  of  the  stock  line — the  wide-top  at  the  South  Works 
furnaces  giving  the  gas  a  ready  chance  to  "channel."  This  is 
significantly  shown  on  the  diagrams  by  the  line  representing  pressure 
of  blast,  which  (other  things  being  equal  and  except  when  the  fur- 
nace was  hanging)  varies  inversely  as  the  ratio-line.  On  the  other 
hand,  the  narrow  top  of  the  Union  furnace  compresses  the  volume 
of  the  gas  to  such  an  extent  that  although  it  travels  faster  through 
the  ore,  yet  it  is  forced  through  the  entire  mass  of  it  Reduction  of 
the  ore,  therefore,  takes  place  in  a  cooler  part  of  the  furnace,  and  for 
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that  reason  to  a  greater  extent  by  CO.  The  cost  of  labor  per  ton  of 
iron  being  the  same  in  both  places  (it  is,  however,  slightly  in  favor 
of  Union),  it  follows  that  the  Union  style  of  furnace  is  much  more 
economical  than  that  of  the  South  works. 


Distribution  of  Heat. 

Elements  of  the  Furnace. 
Internal  capacity  of  furnace, 
Height, 

Bosh,  •        •        •        • 
Hearth, 

Stockline,    .        . 
Yield  in  24  hours^ 

Capacity  per  ton  of  iron  per  24  hours, 
Ore  consumed  per  lb.  of  iron  made,  . 
FJux  **  *•  ** 

Slag  produced  **  " 

Total  carbon  burned  per  lb.  of  iron  made,  . 
Carbon  burned  in  zone  of  reduction,  . 
Average  temperature  of  blast,  degrees  cent, 
Average  temperature  of  escaping  gases,     . 


No.  1.  Union. 
6,700  cub.  ft 
72  ft.  4  in. 
14  ft.  10  in. 

8  ft.  6  in. 

9  ft.  4  in. 
180  tons. 
51.5  cub.  ft. 
1.57    lb. 
0.27 
0.30 

.640 
.066 

650 

125 


(( 


u 


If 


l( 


Katio  ——  by  volume,  .  1.50 

CO,  ^  ' 

Caloric  developed  per  lb.  of  carbon  burned,  4541. Cal. 

Weight  of  blast, 3.1321b. 

Weight  of  gases, 4.451   " 

Caloric  of  combustion  in  zone  of  reduction,  1487  Cal. 


fi 


II 


tuyeres, 


Caloric  of 

Total  caloric  of  combustion, 

Caloric  carried  in  by  blast, .... 

Total  caloric  received,         .... 

Caloric  of  zone  of  fusion,    .... 

Caloric  absorbed  by  reduction  of  ores  and 

fusion  of  iron, 

Caloric  absorbed  by  fusion  of  slag. 
Caloric    absorbed     by    decomposition    of 

stone,  etc., 

Sensible  heat  carried  off  by  gases. 
Caloric  lost  by  radiation,  etc.  [by  diff.], 
Total  caloric  consumed,      .... 
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(1 

2907 

it 

478 

11 

3385 

tt 

1898 

i« 

2314 

(I 

♦165 

(I 

241 

(1 

132 

tt 

533 

tt 

3385 

tt 
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No.  2.  South. 

13,900  cub.  ft. 

75  ft. 

20  ft. 

lift. 

15  ft.  3  in. 

223  tons. 

62  3  cub.  ft. 

1.64   lb. 

0.26    '* 

0.30 

.745 

.095 

570 

225 

2.38 

4013  Cal. 
3.551  lb. 
5.101    " 
1384  Cal. 
1607    " 
2991    " 
484    " 
3475    •* 
2091    « 

2314    " 
•165  cal. 

265  " 

272  *• 

459  " 

3475  " 


If  now  the  lines  of  South  Furnace  No.  1  be  compared  with  those 
of  South  No.  2,  it  will  be  seen,  first,  that  the  ratio-line  is  much 
higher  and  more  irregular  in  the  former  than  in  the  latter.  More- 
over, the  line  showing  the  temperature  of  the  escaping  gases  is  much 

*  This  figure  is  probably  too  low,  as  the  figures  taken  [550]  for  the  specific 
heat  of  slag  applies  to  a  much  more  fusible  slag  than  the  one  made  at  these  fur- 
naces. 
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lower  in  No.  1  than  in  No.  2.  These  differences  seem  to  be  almost 
constant,  the  ratio-line  being  .44  higher^  and  the  temperature  of  the 
escaping  gases  60^  C.  lower  in  No.  1.  It  was  also  found  that  in 
changing  the  burden  on  No.  1  furnace  from  all  ore  to  one  carrying 
1300  pounds  of  scrap  per  6400  of  coke,  enough  ore  had  to  be  taken 
off  to  leave  an  excess  of  1  pound  of  coke  to  every  3.2  pounds  of  iron 
in  the  charge.  In  other  words,  while  in  ordinary  cupola-practice 
1  pound  of  coke  will  melt  10  pounds  of  iron,  yet  in  the  bl&st-furnace 
1  pound  of  coke  will  melt  only  3.2  pounds  of  iron,  or  it  requires 
three  times  as  much  coke  to  melt  iron  in  the  blast-furnace  as  in  the 
cupola.  .  This  seems,  at  first  glance,  surprising,  but  I  think  it  can  be 
explained,  in  part  at  least,  by  supposing  the  metallic  iron  in  the 
blast-furnace  to^be  partially  oxidized,  in  the  upper  region  of  the  fur- 
nace, by  the  CO,  of  the  ascending  gases.  This  being  a  heat-pro- 
ducing reaction,  the  temperature  of  this  zone  is  raised,  and  conse- 
quently reduction  of  the  ore  by  solid  carbon  becomes  more  active. 
The  Fe^Oy  thus  formed  requires  heat  for  reduction  at  a  lower  point 
in  the  furnace.  Of  course,  the  quantity  of  heat  given  out  by  the 
oxidation  of  the  iron  and  that  absorbed  by  the  reduction  of  the 
Fe.Oy  is  the  same,  but  it  is  the  point  at  which  the  reactions  take 
place  which  causes  the  total  loss  in  fuel. 

The  lesser  temperature  of  the  escaping  gases  in  furnace  No.  1  may 
be  explained  by  the  fact  that  metallic  iron  has  not  the  power,  at  least 
to  so  great  an  extent  as  ore,  to  split  up  2C0  into  C  -f~  (^O,.  Besides, 
this  reaction  depends  largely  upon  the  length  of  that  zone  which  lies 
between  the  temperatures  of  450^  F.  and  800^  F. ;  and  as  this  is 
shorter,  owing  to  the  reasons  given  above,  in  the  furnace  working 
on  scrap,  it  follows  that  the  reaction  would  be  less  intense  in  that 
furnace.  As  this  is  an  economical  reaction,  it  is  obvious  that  here 
is  another  reason  for  the  excessive  fuel-consumption  iu  the  furnace 
running  on  scrap. 

Union  Works  Furnace  No.  1,  after  having  been  on  iron  six 
months,  was  put  on  83  per  cent,  ferro-manganese.  It  did  as  well  on 
this  as  it  had  done  on  iron.  Several  analyses  of  the  gases  gave  the 
ratio  of  CO,  to  CO  at  1  to  4.2,  and  showed  that  they  contained,  on 
an  average,  6.36  per  cent,  of  the  total  manganese  charged,  as  against 
10  per  cent.,  mentioned  by  Mr.  H.  M.  Howe  in  his  ''Metallurgy 
of  Steel.''  Later,  when  the  same  furnace  was  producing  80  per  cent. 
Spiegel,  the  gases  gave  a  ratio  of  CO,  to  CO  at  1  to  2.3.  Analyses 
then  showed  that  1 .68  per  cent,  of  the  manganese  charged  was  car- 
ried off  in  the  gases. 
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Manganese  is  a  nearly  white  metal,  having  about  the  same  ap- 
pearance when  fractured  as  white  cast-iron.  Its  specific  gravity  is 
about  8y  while  that  of  white  cast-iron,  reasonably  free  from,  impuri- 
ties, is  but  a  little  above  7.5.  As  produced  commercially,  it  is  com- 
bined with  iron,  and  with  small  percentages  of  silicon,  phosphorus, 
and  sulphur. 

It  is  generally  produced  in  the  blast-furnace.  If  the  silicon  is 
under  0.60  per  cent,  the  product  will  be  white.  If  the  manganese 
is  under  40  per  cent.,  with  the  remainder  mostly  iron,  and  silicon  not 
high  enough  to  make  the  product  gray,  the  alloy  is  called  spiegelei- 
sen,  and  the  fracture  will  show  flat  reflecting  surfaces,  from  which  it 
takes  its  name. 

With  manganese  above  60  per  cent.,  the  iron  alloy  is  called  ferro- 
manganese. 

As  manganese  increases  beyond  50  per  cent,  the  mass  cracks  in 
cooling,  and  when  it  approaches  98  per  cent  the  mass  crumbles  or 
falls  in  small  pieces. 

When  the  percentage  of  manganese  is  high,  the  planes  of  the  frac- 
ture are  not  so  bright  as  when  it  is  lower. 

The  ferro-manganese  which  we  have  used  in  the  experiments  re- 
ported in  this  paper,  contains  Mn,  81.62 ;  Si,  0.256  j  and  combined 
carbon,  6.153  per  cent.  We  have  not  been  able  to  make  test-bars 
from  this,  because  the  alloy  cracks  in  small  pieces  in  cooling. 

Manganese  combines  with  iron  in  almost  any  proportion,  but  if 
an  iron  containing  manganese  is  remelted,  more  or  less  of  the  man- 
ganese will  escape  by  volatilization,  and  by  oxidation  with  other  ele- 
ments present  in  the  iron.  If  sulphur  be  present,  some  of  the  man- 
ganese will  be  likely  to  unite  with  it  and  escape,  thus  reducing  the 
amount  of  both  elements  in  the  casting.  Hence,  in  remelting  irons, 
some  of  the  sulphur  which  has  entered  from  the  fuel  with  which  the 
iron  is  melted  will  very  likely  unite  with  some  of  the  manganese  in 
irons  which  make  up  the  mixture  and  escape.  Remelting,  therefore, 
reduces  the  percentage  of  manganese  in  oast-iron. 
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The  tests  here  recorded  have  been  made  by  taking  various  grades 
of  cast-iron  and  adding  ferro-manganese^  so  as  to  produce,  as  nearly 
as  possible,  a  given  percentage  of  manganese  in  the  final  casting  to 
he  examined.  Owing  to  the  escape  of  manganese  above  referred  to 
by  volatilization  and  oxidation,  the  actual  amount  of  manganese  is, 
perhaps,  somewhat  below  the  percentages  given  by  us.  The  percent- 
ages given  in  the  tables  are  what  we  calculated  would  be  in  the  cast- 
ing if  all  remained. 

The  methods  of  testing  employed  in  these  experiments  are  de- 
scribed in  a  previous  paper  {Trana.f  xviii.,  798). 

Cast-iron,  when  free  from  manganese,  cannot  hold  more  than  4.60 
per  cent,  of  carbon,  and  3.50  is  as  much  as  is  generally  present;  but 
as  manganese  increases,  carbon  also  increases,  until  we  often  find  it 
in  Spiegel  as  high  as  5  per  cent.,  and  in  ferro-manganese  as  high 
as  6.  This  effect  on  capacity  to  hold  carbon  is  peculiar  to  manga- 
nese. 

Because  the  spiegeleisen  and  ferro-manganese  of  commerce  are 
white,  it  seems  to  have  been  taken  for  granted  that  the  combined 
state  of  carbon  was  caused  by  the  manganese  present,  and  because 
combined  carbon  may  be  called  dissolved  carbon,  it  has  often  been 
declared  that  manganese  possesses  the  power  of  dissolving  carbon. 

That  this  view  is  erroneous,  we  shall  fully  prove,  showing  that  the 
condition  of  the  carbon  in  combinations  of  manganese  and  iron  is 
determined  by  the  percentage  of  silicon  present,  just  as  in  any  other 
cast-iron. 

To  be  able  to  investigate  the  influence  of  manganese  in  cast-iron, 
we  must  be  familiar  with  the  action  of  silicon.  This  is  described  at 
length  in  former  papers  (  7Va7i«.,  xvii.,  263  and  683).  It  is  sufficient 
to  say  here  that  castings  of  iron  alone,  or  iron  and  carbon,  will 
always  be  white,  and  the  carbon  will  always  be  combined.  If  the 
iron  be  saturated  with  carbon,  and  comparatively  free  from  other 
elements,  such  cast-iron  will  be  crystalline,  and  the  fr^ture  will  be 
more  or  less  specular. 

The  presence  of  silicon  will  drive  more  or  less  of  the  carbon  into 
the  graphitic  form,  and  cause  the  color  of  the  cast-iron  to  be  gray. 
Practically  speaking,  we  may  say  that  the  grayness  of  cast-iron  de- 
pends on  the  percentage  of  silicon  present. 

If  we  introduce  into  the  iron  an  element  which  will  drive  out  or 
lessen  the  percentage  of  silicon,  such  element  will  indirectly  cause 
the  cast-iron  to  be  whiter  ;  but  such  whiteness  should  be  ascribed  to 
the  decrease  of  silicon.    However,  it  may  be  that  manganese,  either 
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by  allowing  an  increased  amount  of  oombined  carbon  to  be  present, 
or  by  making  the  combined  carbon  less  easily  influenced  by  silicon, 
does,  in  a  slight  degree,  cause  iron  containing  a  given  percentage  of 
silicon  to  be  less  gray  than  if  manganese  were  absent,  or  the  manga- 
nese may,  by  its  own  white  color,  lighten  the  shade  of  cast-iron. 

I.  After  making  numerous  tests,  presently  to  be  described,  we 
made  the  following  three  casts  to  determine  the  exact  influence  ex- 
erted by  silicon,  and  to  prove  the  correctness  of  the  opinion  just  ex- 
pressed that  the  change  in  silicon  produced  much  of  the  change 
observed  in  our  other  records. 

We  prepared  three  hot  ladles,  and  placed  in  the  first,  five  ounces 
of  broken  gray  scrap  from  our  ordinary  cupola-iron. 

In  the  second  ladle  we  placed  four  ounces  of  white  iron,  contain- 
ing practically  no  silicon,  and  one  ounce  of  14.77  per  cent,  ferro- 
silicon. 

In  the  third  ladle  we  placed  four  ounces  of  81.62  per  cent,  ferro- 
manganese  (white)  and  one  ounce  of  the  ferro-silicon. 

Into  each  ladle  we  tapped  from  the  cupola  as  nearly  as  possible  the 
same  amount  of  melted  iron.  As  the  cupola-iron  contained  2.50  per 
cent,  silicon,  the  ounce  of  ferro-silicon  kept  the  percentage  of  silicon 
practically  uniform  in  all  the  casts,  since  it  supplied  enough  silicon 
to  make  an  average  of  2.61  with  the  four  ounces  of  other  material 
added  in  the  second  and  third.  In  the  third  cast  the  manganese  was 
increased  1.08  per  cent. ;  and  as  manganese  in  the  cupola-iron  was 
about  0.50,  in  the  third  cast  it  was  about  1.50. 

All  conditions  attending  each  cast  were  exactly  the  same,  and,  as 
will  afterwards  be  seen,  our  other  tests  and  this  series  substantially 
agree. 

A  comparison  of  the  first  and  second  casts  will  show  whether  any 
influence  was  exerted  by  the  introduction  of  the  white  iron  and  ferro- 
silicon. 

A  comparison  of  the  second  and  third  casts  will  show  what  influ- 
ence the  manganese  exerted. 

The  record  of  stress  applied  as  a  dead  load  (or,  as  we  call  it, 
•'weight-stress")  shows  that  the  iron  is  neither  weakened  nor 
strengthened  by  manganese;  but  the  record  of  impact-stress  shows 
that  the  addition  of  1  per  cent,  of  manganese  has  lessened  the  ability 
of  a  casting  to  resist  shock. 

A  few  general  remarks  may  be  made  regarding  deflection  and  set, 
&s  measured  in  these  tests.     Deflection  is  the  sum  of  set  and  elas- 
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ticity,  set  being  the  portion  of  deflection  which  will  not  be  recovered  ; 
and  elasticity  the  portion  which  will  be  recovered  when  the  stress  is 
removed.  In  most  cases  deflection  For  impact  exceeds  that  for  weight ; 
and  also,  in  most  cases,  set  is  less  for  impact  than  for  weight — ^the 
reason  being  that  the  suddenness  of  a  blow  does  not  allow  time  for 
the  separation  of  the  molecules  before  the  recoil  takes  place.  If  the 
ultimate  stress  is  less  in  any  test  we  might  expect  a  corresponding 
reduction  in  deflection  and  set.  For  purposes  of  comparison  we  must 
use  the  ratio  obtained  by  dividing  set  and  deflection  by  the  stress 
which  produced  them. 

Table  I. — Resulta  of  Series  I. 
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The  ratios  of  sets  show  that  manganese  renders  cast-iron  less 
plastic  and  more  brittle.  We  see  by  the  record  of  impacts  that  the 
lessened  ability  of  cast-iron  to  resist  shock  is  an  indication  of  brit- 
tleness.  By  subtracting  the  ratio  of  set  from  that  of  deflection  we 
have  the  ratio  of  elasticity,  and  we  find  that  elasticity  is  not  influ- 
enced materially  by  manganese. 

The  next  question  is  that  of  shrinkage.  All  of  our  tests  agree  in 
showing  that  manganese  increases  the  shrinkage  of  cast-iron.  In 
the  tests  which  we  are  considering,  an  increase  of  1  per  cent,  has  raised 
the  shrinkage  26  per  cent.  So  long  as  any  carbon  remains  in  the 
combined  form,  an  increase  in  silicon  will  drive  such  carbon  into 
graphite,  and  thus  in  some  degree  decrease  shrinkage ;  but  a  high 
shrinkage  caused  by  manganese  is  independent  of  carbon,  and  cannot 
be  taken  out  without  removing  the  manganese.  As  shrinkage  varies 
with  the  sisse  of  the  casting,  and  produces  internal  stress  within  the 
casting,  this  question  is  of  vital  importance  tothe  foundryman.  The 
less  shrinkage  in  the  iron,  the  less  the  danger  froOi  cracks. 

Perhaps  the  next  important  question  for  the  foundryman  is  that 
of  chill.    Judging  from  these  records^  manganese  does  not  influence 
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chill  at  all ;  but  other  tests  will  show,  as  we  have  before  observed, 
that  with  a  given  percentage  of  silicon  the  carbon  may  be  a  little 
more  inclined  to  remain  in  the  combined  form,  and  therefore  the 
chill  may  be  a  little  deeper.  Hence,  to  cause  the  chill  to  be  the 
same,  it  would  seem  that  the  percentage  of  silicon  should  be  a  little 
higher  with  manganese  than  without  it. 

Hardness  is  another  important  question  with  the  worker  in  iron. 
An  increase  of  1  per  cent,  of  manganese  has  increased  the  hardness 
40  per  cent.  In  the  first  two  casts  the  hardness  of  the  chill  is  77 
per  cent,  greater  than  that  of  the  unchilled  fracture ;  but  in  the  cast 
with  manganese  the  difference  is  only  61  per  cent. — ^again  showing 
that  manganese  does  not  increase  chill.  If,  however,  a  hafd  chill  is 
required,  manganese  gives  it  by  adding  hardness  to  the  whole  cast- 
ing. This  hardness  is  due  to  the  hardness  of  the  manganese  itself, 
and  not  because  more  of  the  carbon  has  taken  the  combined  form. 

This  preliminary  review  presents  a  key  by  which  to  examine  the 
records  of  other  series  of  tests  which  are  presented  below. 

It  seems  that  in  trying  to  make  soft  castings  with  low  shrinkage, 
manganese  should  be  avoided. 

II.  To  prove  still  further  the  influence  of  silicon  in  manganese- 
irons,  and  that  much  of  the  influence  exerted  by  manganese  can  in 
most  cases  be  overcome  by  silicon,  we  present,  in  Table  II.,  the 
record  of  a  series  of  six  tests  with  20  per  cent,  spiegeleisen. 
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The  first  cast  is  from  the  spiegel  alone,  and  contains  hardly  any 
silicon.    The  fracture  is  white  with  the  usual  reflecting  surfaces. 
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The  second  contains  1.66  per  cent,  of  silicon,  which  has  changed 
the  metal  to  a  light  gray,  with  no  tendency  to  chill,  and  has  almost 
wholly  destroyed  the  specular  fracture  presented  by  the  spiegel. 

The  third  contains  3.00  per  cent,  of  silicon,  which  turns  the  metal 
into  a  dark  gray  open-iron  with  no  chill. 

The  fourth  contains  4.84  per  cent,  of  silicon,  which  has  caused 
the  grain  to  be  slightly  closer  and  a  little  lighter  in  color,  but  with 
absolutely  no  chill. 

The  fifth  contains  6.20  per  cent,  of  silicon,  which  has  caused  the 
grain  to  be  still  finer  and  lighter.  The  casting  was  perfectly  sound. 
There  was  no  chill,  but  there  was  a  white  skin  on  the  chill-end, 
which  could  scarcely  be  seen. 

The  sixth  contains  7.30  per  cent,  of  silicon.  This  still  further 
lightens  the  color  of  the  fracture,  and  shows  the  bright  facets  of  a 
silvery  iron.  The  grain  of  this  casting  is  very  open,  and  the  frac- 
ture is  full  of  cavities  filled  with  flakes  of  graphite.  These  bars 
have  a  chill  0.05  to  0.075  inch  deep.  We  have  formerly  called  this 
chill  in  high -si  I  icon  irons,  a  '^  silicon  chill." 

It  seems  as  if  the  presence  of  this  20  per  cent,  of  manganese  pre- 
vented the  combination  of  silicon  and  carbon  from  forming  a  chill, 
with  low  percentages  of  silicon.  This  series  gives  an  intimation 
that,  with  high  manganese,  perhaps  similar  combinations  between 
silicon  and  carbon  may  form,  but  not  until  a  large  percentage  of 
silicon  is  reached ;  or,  in  other  words,  manganese  being  present,  a 
larger  percentage  of  silicon  is  required  to  produce  a  given  result. 

The  hardness  of  this  series  is  remarkable,  proving  again  the  hard- 
ening properties  of  manganese.  The  castings  with  7.30  silicon  look 
like  the  softest  of  open  gray-iron,  but  can  hardly  be  touched  with  a 
file. 

We  have  shown,  in  a  former  paper,  that  silicon  of  itself  hardens 
iron.  We  see,  in  this  case,  that  after  the  softening  due  to  graphite 
has  produced  its  greatest  effect,  the  hardening  influence  of  silicon 
was  felt  in  the  last  two  casts. 

We  shall  have  more  to  say  regarding  this  series. 

We  will  now  describe  several  series  of  tests  which  we  have  made 
during  the  last  four  years.  The  records  are  given  below,  both  in 
tabular  form  and  graphically. 

III.  We  took  (as  a  base)  a  Swedish  gray  charcoal  pig-iron  "  F^M" 
containing  1.249  silicon  and  0.187  manganese.  We  made  one  set  of 
test-bars  from  this.  We  then  took  another  quantity  of  this  F^M 
iron  and  added  enough  81.62  per  cent,  ferro-manganese  to  make  the 
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addition  of  manganese  0.12  per  cent.     We  made  other  casta  (see 

Table  UI.),  with  0.66, 0.75,  and  1.00  per  cent,  of  manganese  added. 

Table  III. 
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Y^M  being  a  charcoal-iron  and  low  in  Bilicon,  is  very  sensitive  to 
any  element  which  can  exert  an  influence  on  carbon. 

The  additions  of  ferro-raanganese  diminished  the  silicon  in  each 
cast.  The  effect  of  this  reduction  must  be  considered  when  the 
record  of  this  series  of  tests  is  examined. 

When  the  series  is  considered  as  a  whole, "  weight-stress"  is  neither 
increased  or  diminished. 

As  manganese  was  increased,  the  liars  had  less  ability  to  withstand 
shock;  deflection  was  decreased  materially,  and  shrinkage' increased 
uniformly  with  each  increase  of  manganese.  The  chill  increased, 
hut  not  more  than  would  be  expected  from  the  reduced  amount  of 
silicoQ. 

Table  lY.—Remtlta  of  Series  IV. 
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IV.  We  next  took  as  a  base  "  Stewart "  ooke-iron,  which  we 
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thought  woald  Dot  be  so  sensitive  as  F^M.  The  pig  need  was  said 
to  contain  1.63  silicon  and  about  0.50  manganese.  The  results 
shown  in  Table  IV.  were  not  at  all  satisfactory,  as  we  do  not  find  a 
uniform  variation  in  the  series.  We  added  the  ferro-manganese  as 
near  the  time  of  pouring  as  possible,  to  prevent  the  escape  of  the 
manganese. 

As  in  case  III.,  the  silicon  was  diluted  with  each  addition  of  man- 
ganese, and  such  dilution  will  account  for  some  of  the  variations. 


Table  V. — BtsuUs  of  Series  V.  and  VL 
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Mem. — In  the  last  three  casts  of  Series  V.  and  VI.  the  ferro-manganese  was  not 
all  melted,  and  we  cannot,  therefore,  compute  the  percentages  of  manganese  and 
silicon. 

The  variableness  makes  it  impossible  to  draw  conclusions  from 
this  series  alonC;  but  it  does  not  in  any  way  cause  us  to  alter  our 
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conclusions  already  reached.  Shrinkage  ran  up  until  2  per  cent,  of 
manganese  was  reached,  but  decreased  with  3  and  3.83  per  cent. 
With  10  per  cent,  manganese,  the  silicon  was  diluted  to  1.36,  and 
the  casting  was  porous  and  light  colored.  Chill  was  difficult  to  de- 
termine, but  was  about  0.60. 

V.  and  VI.  These,  shown  in  Table  V.,  were  made  by  placing  in  a 
moulder's  ladle  the  amount  of  ferro-manganese  (heated  red)  neces- 
sary to  produce  the  desired  percentage  of  manganese  in  the  c&sting, 
and  tapping  molten  iron  from  the  cupola,  containing  2.50  per  cent, 
silicon.  The  melted  iron  was  poured  immediately  into  the  moulds. 
The  time  of  making  all  the  seven  casts  was  not  more  than  five  min- 
utes, therefore  the  manganese  could  not  have  had  time  to  escape,  and 
aside  from  Mn  (and  diluted  Si)  the  composition  of  each  cast  was  the 
same.  The  two  sets  of  tests  were  made  some  three  months  apart. 
The  additions  in  these  casts  also  diluted  the  silicon  as  manganese 
increased. 

These  two  series  sustain  our  conclusions  in  every  particular. 

Table  YI.—ReauUs  of  Series  VIL  and  VIII. 

SERIES  VII.  SERIES  VIU. 
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VII.  and  VIII.  These  (Table  VI.)  are  similar  to  the  last,  and 
made  in  the  same  way,  only  that  one  cast  was  made  each  day  to  get 
a  given  percentage  of  manganese.  At  the  same  time  another  cast 
was  made  with  the  cupola-iron  alone ;  so  that  each  day  we  had  two 
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casts  exactly  similar,  except  that  one  contained  the  manganese  addi- 
tion. In  evety  case  the  manganese  caused  an  increase  in  shrinkage. 
There  was  hardly  any  variation  in  chill,  and  what  there  was  could 
be  accounted  for  by  dilution  of  silicon.  The  record  of  weight6tress 
was  very  irregular.  That  of  impact  we  have  not  recorded.  Shrink- 
age and  deflection  confirm  former  conclusions. 

IX.  This  series  of  tests  (Table  VII.)  was  made  in  a  different 
manner;  namely,  by  placing  30  pounds  of  F^M  in  a  crucible,  melt- 
ing it,  making  a  cast  of  test-bars,  adding  some  more  F^M,  returning 
the  gates  from  last  cast,  and  adding  enough  ferro- manganese  to  make 
the  percentage  of  manganese  0.25 ;  melting  this,  and  casting  a  set  of 
bars ;  adding  more  F^M,  returning  sprues,  adding  ferro  to  make 
manganese  0.60;  making  another  set  of  bars;  and  so  on  for  each  ^ 
per  cent,  up  to  2  per  cent,  manganese.  To  pnxluce  the  nine  casts 
the  metal  was  exposed  to  the  heat  of  the  furnace  about  nine  hours. 

The  silicon  was  diluted  by  each  addition,  and  no  doubt  some 
escaped.  Analyses  showed  that  in  the  last  cast,  where  we  meant  to 
have  2  per  cent,  of  manganese,  there  was  only  0.5836  per  cent.,  and 
of  this  the  F^M  in  the  pig  contained  0.186. 

X.  We  made  a  set  of  bars  in  the  crucible  from  F^M,  with  enough 
ferro-manganese  to  make  manganese  2  per  cent.,  adding  the  ferro 
just  before  pouring,  to  prevent  escape.  The  silicon  was  diluted  to 
1.22  per  cent. 

This  gave  (Table  VII.)  exactly  what  was  expected  of  the  2  percent, 
cast  of  series  IX.  Comparing  this  set  of  bars  (X.)  with  the  first  set  of 
bars  in  series  IX.,  or  with  series  XL,  we  have  F^M  with  0.187  percent, 
manganese  and  with  2  per  cent.,  and  silicon  lowered  by  dilution  only 
from  1.249  to  1.22.  The  records  of  these  two  casts  are  similar  to  set 
I.  of  these  casts,  only  there  is  always  a  chance  of  considerable  varia- 
tion in  separate  casts  made  in  a  crucible,  owing  to  unseen  variations 
in  the  conditions  attending  the  operation. 

The  similarity  between  these  two  heats  proves  that  the  reason  why 
the  last  cast  of  series  IX.  was  not  like  X.  was  the  decrease  of  silicon 
and  other  changes  produced  by  the  continuation  of  the  heat  through 
the  period  of  nine  hours.  The  manganese  has  not  exerted  any  influ- 
ence, which  is  apparent  when  we  compare  the  first  cast  of  IX.  or 
series  X.  with  XI. 

XI.  We  made  (Table  VII.)  a  series  exactly  similar  to  IX.,  with- 
out adding  manganese  (and  without  thus  reducing  the  amount  of 
silicon).  The  silicon  was  oxidized  to  such  an  extent  that  the  ninth 
cast  was  white,  with  a  corresponding  variation  in  each  of  the  casts. 
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Table  VII.  gives  the  silicon  in  each  of  the  series.     In  IX.  it  is  cal- 
culatedy  while  in  XI.  it  is  determined  by  analysis  of  the  bars. 


Table  YIL— Remits  of  Series  IX.,  X.  and  XL 
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*  The  determiaations  in  series  IX.  were  made  by  Harry  S.  Fleming,  who  intended, 
when  these  experiments  were  begun,  to  analyse  prodoctSi  and  to  appear  as  joint- 
author  of  the  paper. 

f  The  determination  iu  series  XI.  were  made  by  Prof.  G.  P.  Mabery,  of  Cleve- 
land, O. 
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Comparing  the  two  series,  we  find  that  the  corresponding  casts  of 
each  series  are  substantially  alike,  showing,  therefore,  but  little  in- 
fluence from  the  manganese. 

We  have  made,  at  various  times,  various  other  tests,  some  of  which 
we  present  in  Table  VIII. 

XII.  To  F^M  we  added  (Table  VIII.)  a  ferro-siluron  containing 
12.08  silicon  and  0.76  manganese,  to  make  silicon  2.50.  The  grain 
was  very  dark,  but  white  patches  occurred  in  the  casting,  with  dark 
gray  iron  on  the  outside.'*' 

XIII.  This  is  another  test  exactly  like  XII. 

XIV.  We  took  F^M  and  added  a  ferro-silicon  ("  Govan  ")  said 
to  contain  9.87  per  cent,  silicon  and  2.20  manganese,  to  make  silicon 
2.50  and  manganese  0.56.     The  grain  wa^  very  uniform. 

XV.  We  made  a  mixture  exactly  like  XII.  and  XIII.,  except 
that  we  added  enough  ferro-manganese  to  make  Mn  the  same  as 
XIV.     The  result  was  a  casting  with  perfectly  even  grain. 

XVI.  We  took  iron  from  our  ordinary  cupola-mixture,  with  sili- 
con about  2.50  and  manganese  under  1  percent.,  which  gave  ^'  weight- 
stress'^  about  375.  Enough  20  per  cent,  spiegel  was  added  to  make 
manganese  4  per  cent.  This  was  melted  in  a  crucible  and  a  set  of 
test-bars  was  made. 

By  the  addition,  silicon  was  diluted  to  2.10  per  cent.  The 
strength  was  slightly  increased,  which  would  have  been  expected 
from  the  lowering  of  the  silicon.  The  chill  was  also  increased  from 
0.075  to  0.50,  which  can  be  accounted  for  in  the  same  way.  Shrink- 
age increased  from  .130  to  .IT?.     The  grain  was  gray  and  open. 

XVII.  In  another  test  we  took  F^M  (Si,  1.249)  and  added 
enough  40  per  cent,  ferro-manganese  to  make  manganese  16  per 
cent,  and  silicon  0.75.  The  F^M  was  strong  and  gray.  The  mix- 
ture was  white  and  full  of  blow  holes,  and  had  but  little  strength. 
The  mere  decrease  of  silicon  would  have  turned  the  iron  white,  but 
not  necessarily  with  blow-holes.  The  quality  of  the  ferro-manga- 
nese exerts  a  great  influence  upon  the  resultant  casting. 

XVIII.  We  made  a  cast  of  81.62  per  cent,  ferro-manganese, 
with  enough  14.77  per  cent,  ferro-silicon  to  make  Mn  51.70,  silicon 
4.83,  carbon  about  4.00  and  iron  about  -39.47.  The  resultant  casting 
was  so  weak  as  to  be  easily  broken  in  the  fingers,  and  was  perfectly 
white  and  had  a  greasy  feel. 

This  amount  of  silicon  with  the  20  per  cent,  spiegel  produced  a 

*  The  ferro-silicons  used  in  these  experiments  were  analysed  hj  Edward  Or- 
ton  Jr.  . 
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beautiful  open^  gray  castiiig  with  absolutely  do  chill.    We  did  not. 


WEIOHT  STRESS.    (LB8.AV.  AT  CENTER  OP  BAR.) 
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in  XVIII.;  push  the  increase  of  silicon  farther^  and  do  not 
if  the  casting  with  more  silicon  would  have  turned  gray. 


know 
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We  have  the  record  of  tests  of  27  different  brands  of  cast-iron  of 
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which  we  have  the  analysis  of  the  pigs  tested,  and  we  find  that  the 
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shrinkage  more  nearly  follows  the  variation  of  silicon  than  that  of 
any  other  element.  Manganese  ranges  from  0.01  in  the  lowest  to 
0.75  in  the  highest,  and  we  cannot*  discover  that  between  these  limits 
in  the  pig,  manganese  exerts  any  inflaenoe,  either  for  good  or  other- 
wise. 

While  we  have  already  expressed  the  opinion  that  for  a  soft  iron 
without  shrinkage  manganese  should  be  absent,  yet  we  do  not  think 
that  where  manganese  in  the  pig  is  below  0.75,  or  even  1  per  cent., 
its  presence  will  ever  \>e  noticed.  We  think  that  the  apparent  in- 
crease or  decrease  in  strength  observable  in  some  of  our  tests  is  due 
to  other  causes ;  for  example,  to  some  mechanical  structure  rather 
than  to  the  presence  or  absence  of  manganese. 

As  will  be  seen  from  this  paper  it  has  seemed  almost  impossible 
to  determine  whether  manganese  was  a  benefit  or  an  injury.  It  is 
only  with  the  closest  calculation  and  care  that  we  have  been  able  to 
determine  the  influence  of  manganese  at  all  when  present  in  cast- 
iron.  Much  of  the  manganese  that  is  present  in  a  pig-iron  will 
escape  during  remelting,  and  it  may  aid  in  removing  sulphur  which 
has  been  brought  in  with  the  fuel. 

In  Figs.  ]  and  2  the  tabulated  results  of  our  tests  are  grouped  and 
graphically  presented,  to  show  more  clearly  their  general  tendency. 

Strength. — Fig.  1  shows  the  records  of  stress  applied  transversely 
and  increased  gradually,  at  the  center  of  the  test-bar  of  ^  x^  x  12 
inches;  the  record  is  in  some  cases «the  average  of  three,  and  in 
others  represents  one  or  two  bars.  A  general  glance  at  the  figure 
conveys  an  impression  that  manganese  does  not  influence  the  ability 
to  resist  this  weight-stress.  Adding  manganese  to  molten  iron  gen- 
erally reduces  strength  to  resist  such  stress,  as  Series  VII.  and 
VIII.  prove  conclusively.  These  series  were  made  at  different 
parts  of  the  year  and  each  extended  through  at  least  seven  days, 
during  which  time  the  cupola  mixture  varied  more  or  less.  In  each 
of  the  fourteen  casts  the  iron  containing  manganese  was  not  as  strong 
as  that  to  which  none  had  been  added.  We  constructed  Table  VI. 
by  beginning  with  the  average  strength  of  the  cupola-iron  on  the 
first  day  of  the  test,  which  in  Series  VII.  was  43'3,  and  the  same 
day,  with  the  addition  of  manganese,  only  395,  a  difference  of  38 
pounds.  The  next  day  two  casts  were  made,  one  with  and  one  with- 
out Mn,  and  we  recorded  the  difference.  By  subtracting  each  day 
this  difference  from  the  433  of  the  first  day  we  have  a  series  of  com- 
parative records.  The  series  taken  as  a  whole  shows,  as  did  each 
day's  tests,  a  decrease  of  strength  as  manganese  increases.    Series 
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VIII.  was  made  in  the  same  way  and  shows  the  same  thing.     In 
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each  of  these  the  silicon  was  diluted  with  increase  of  manganese^  and 
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ordinarily  this  would  add  to  strength.  No  impaot-teets  were  made 
of  VII.  and  VIII.  Series  V.  and  VII.  were  each  made  so  that  the 
iron  used  was  all  taken  from  the  cupola  during  one  tapping,  and 
we  may,  therefore,  consider  that  the  composition  aside  from  the  Mn 
additions  is  the  same  throughout.  We  had  from  each  cast  only  two 
test-bars,  one  for  testing  by  weight  and  one  for  impact.  The  records 
are  not,  therefore,  as  valuable  as  if  we  had  been  able  to  take  the 
average  of  three  bars.  The  record  of  impacts  (Fig.  2)  indicates,  a 
decrease  of  ability  to  resist  blows  or  impact  stress  as  Mn  increases. 

Series  III.  and  IV.  sustain  the  view  already  expressed.  A  review 
of  Table  VIII.,  in  connection  with  the  above,  and  with  what  we 
have  said  regarding  our  tests  of  various  pig-irons,  leads  us  to  say 
that  the  small  percentages  of  manganese  found  in  commercial  foun- 
dry irons  will  have  little  if  any  influence  on  strength.  The  records  of 
the  spiegeleisen  series  have  no  bearing  on  the  case,  except  to  show 
that,  in  the  use  of  pig-iron,  the  increase  of  silicon  in  overcoming 
brittleness  will  entirely  hide  any  influence  manganese  may  exert. 
The  additions  of  silicon  along  with  Mn  (Table  VIII.)  often  cause 
an  increase  in  strength. 

Deflection  (Fig.  3). — For  Series  II.  and  IV.  we  have  plotted 
both  weight  and  impact  deflections.  The  other  lines  are  all  weight 
deflections.  In  each  of  these  tests  the  decrease  in  silicon  caused  an 
increase  of  brittleness,  and  therefore  lessened  deflection ;  but  the  de- 
flections of  the  spiegeleisen  series  and  deflections  in  Table  VIII. 
show  that  if  silicon  is  increased  along  with  manganese,  the  deflection 
may  be  greater  with  high  manganese,  or,  as  we  may  more  safely  say, 
deflection  may  be  increased  with  a  certain  proportioning  of  silicon 
and  manganese. 

Set  (Fig.  4). — The  tendency  to  brittleness  caused  by  the  decrease 
of  silicon  in  the  tests  plotted,  and  by  the  increase  in  manganese,  has 
caused  the  iron  to  take  less  set,  but  the  diflerence  is  not  great.  The 
uniformity  of  results  causes  us  to  believe  this,  and  yet  the  remark- 
able increase  in  set  shown  by  the  spiegel  series  and  the  sets  shown 
in  Table  VIIJ.  lead  us  to  state  the  fact  as  our  results  show  it,  and 
yet  the  effect  is  not  marked  enough  to  afiect  commercial  irons  with 
the  ordinary  percentages  of  manganese.  Combinations  of  silicon 
and  manganese  may  be  made  which  will  make  cast-iron  a  Very 
plastic  metal.  One  of  the  bars  in  the  spinel  series  bent  nearly  one- 
half  an  inch  in  one  foot  and  retained  a  set  of  one-quarter  of  an  inch. 
Bars  3^  x  1  X  12  inches  were  bent  cold  in  an  ordinary  tinner's  rolls, 
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retaining  a  set  of  nearly  two  inches  in  a  length  of  one  foot;  while 
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ordinary  gray  iron  would  take  but  little  set  before  breaking. 
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Shrinkage  (Fig.  6). — ^There  is  no  room  for  doabt  in  this  matter. 
Manganese  increases  shrinkage  in  every  case  (with  the  exception  of 
IV.).  Under  the  head  of  strength  we  have  described  the  details  of 
testing.  Series  VII.  and  VIII.  are  especially  reliable.  Table 
VIII.  sustains  the  view  that,  with  increase  of  manganese,  shrinkage 
always  increases.  Much  depends,  however,  upon  how  the  man- 
ganese got  into  the  iron.  If  present  in  small  quantities  in  the  pig 
it  may  not  raise  shrinkage  as  much  as  if  introduced  by  a  high-grade 
ferro-manganese.  Moreover,  in  XIV.,  although  0.56  Mn  is  what 
would  have  been  present  if  none  escaped,  yet  in  ipelting  the  pig- 
iron  much  of  the  Mn  may  have  escaped.  In  XV.  we  took  care  that 
the  0.56  Mn  should  remain  in  the  bars.  We  have  found  that  the 
shrinkage  which  a  pig-iron  has  when  it  leaves  the  blast-furnace  will 
be  difficult  to  take  out.  If  an  iron  has  a  high  shrinkage  from  ex- 
cessive manganese  this  shrinkage  cannot  be  removed  unless  the  Mn 
is  removed,  and  then  it  will  not  be  as  low  as  though  the  original  pig 
had  possessed  a  low  shrinkage.  Thus  20  per  cent,  spi^l  shrinks 
0.272  inch  in  one  foot.  Silicon  reduces  this  to  .213 ;  and  yet  gray  iron 
without  Mn  sometimes  has  shrinkage  as  low  as  .113.  White  iron 
shrinks  about  .260  to  .240,  and  by  silicon  the  shrinkage  may  be  re- 
duced to  .140. 

Melted  wrought-iron  has  a  shrinkage  of  about  0.220. 

All  of  our  tests  and  experience  thus  far  show  that  shrinkage  is  in- 
creased by  manganese. 

Chill  (Fig.  6). — Manganese  is  not  hardened  by  sudden  cooling 
and  we  should,  therefore,  expect  that  it  would  not  add  to  the  chill- 
ing qutflity  of  cast-iron.  A  decrease  of  silicon  often  increases  chill, 
and  this  will  account  for  the  small  increase  in  Series  III.,  IV.,  V. 
and  VI.  If  manganese  has  any  chilling  tendency  the  20  per  cent. 
Spiegel  series  would  show  it,  and  yet  each  cast  of  that  series  shows 
absolutely  no  chill,  except  the  one  with  7.30  Si.  It  even  seems  to 
act  in  a  contrary  manner,  as  in  irons  without  manganese  we  find  it 
difficult  to  remove  all  the  chill  by  additions  of  silicon ;  so  the  pres- 
ence of  manganese  may  possibly  aid  in  removing  chill. 

In  previous  papers  we  have  shown  that  an  addition  of  silicon  to 
white-iron  reduces  chill.  Thus  3  per  cent,  of  silicon  reduced  chill 
to  0.20,  but  further  additions  increased  chill.  With  this  white-iron 
we  could  not  remove  all  the  chili  with  silicon,  but  in  the  presence  of 
20  per  cent,  of  manganese,  even  3  per  cent,  of  silicon  removed  all 
chill.  The  character  of  the  white  iron  that  held  the  20  per  cent,  of 
Mn  may  have  had  something  to  do  with  this  result,  but  we  have 
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observed  the  same  thing  in  various  tests^  and  have  also  noticed  that 
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when  manganese  was  present  the  chill  did  not  stop  off  as  suddenly 
\ 


312  MANGANESE   IN  CAST-IRON. 

as  when  there  was  none,  bat  the  white  and  gray  portions  knit  more 
into  each  other.  If  chill  is  due  to  a  peculiar  union  of  silicon  and 
carbon,  manganese  may  retard  such  union.  But  this  is  hardly 
proved  by  onr  tests. 

Hardness  (Fig.  7). — By  an  examination  of  hardness  in  each  of  the 
tables,  it  will  be  seen  that  manganese,  almost  without  exception, 
hardens  cast-iron.  While  we  have  shown  that  manganese  does  not 
increase  the  depth  or  whiteness  of  the  chill,  yet  by  increasing  the 
hardness  of  a  casting  it  also  increases  the  hardness  of  the  chill. 

Ch^ain, — Manganese  being  a  white  metal,  is  likely  to  lighten  the 
color  of  a  casting  if  introduced  into  the  molten  metal.  When  man- 
ganese is  introduced  into  the  pig-iron  during  it&  reduction  in  the 
blast-furnace,  a  larger  percentage  of  carbon  is  taken  up  than  if  man- 
ganese were  not  present.  The  color  then  depends  entirely  upon  the 
percentage  of  silicon  in  the  iron.  As  silicon,  by  causing  carbon  to 
take  the  graphitic  form,  turns  the  iron  to  a  gray  color,  the  more 
carbon  the  iron  contains  the  darker  may  it  be  if  the  right  amount 
of  silicon  is  present. 

The  more  graphite  and  the  slower  the  casting  cools,  the  coarser  is 
the  grain.  Manganese  causes  molten  iron  to-cool  more  slowly,  and  to 
cool  at  the  outside  of  a  casting  while  the  central  portion  is  perfectly 
fluid.  This  slow  cooling  allows  rooi*e  graphite  to  form.  A  rigid 
shell  having  been  formed,  as  the  inner  portion  cools,  it  shrinks,  and 
is  not  able  to  611  the  interior,  but  leaves  cavities.  As  the  metal  crys- 
tallizes, the  graphite  separates  and  lines  these  loose  places.  A  casting 
or  pig  containing  manganese  is,  therefore,  likely  to  be  coarse-grained 
and  to  lack  solidity. 

This  is  the  appearance  of  the  cast  of  7.30  per  cent,  spiegel  in  Series 
II.;  but  while  this  metal  seems  soft,  a  file  will  hardly  make  an  im- 
pression on  it,  and  we  could  not  cut  with  a  cold  chisel  the  piece  that 
was  left  in  the  crucible.  We  were  obliged  to  bring  it  to  a  white  heat 
before  the  chisel  could  be  driven  into  it  with  a  sledge.  Yet  the  grain 
was  the  same  as  that  of  any  soft  open  gray  iron. 

The  effect  of  silicon  upon  spiegeleisen  has  been  noted  before.  Mr. 
R.  A.  Hadfield,  in  his  paper  on  "Aluminum-Steel,^'  read  at  the  New 
York  meeting  of  the  Iron  and  Steel  Institute  (Trans,,  xix.,  1041), 
says  that  he  added  to  12  per  cent,  spiegel  3.73  per  cent,  of  silicon,  and 
turned  the  original  specular  white  to  a  No.  3  mill  iron.  By  adding 
1.30  per  cent,  of  aluminum  to  the  same  spiegel,  it  was  turned  to  a 
No.  3  mill.  (A  s|)ecimen  sent  the  writer  by  Mr.  Hadfield  is  abso- 
lutely without  chill.)    He  also  added   to  a  25  per  cent,  spiegel 
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2.16  per  cent,  of  alumiDum  with  like  results^  only  not  quite  so 
marked. 
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This  last  experiment  sustains  our  view  that  as  Mn  increases 
silicon  is  needed  to  produce  a  given  result. 
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Mr.  Willard  P.  Ward,  at  a  meeting  of  the  American  Institnte  of 
Mining  Engineers,  reported  {Trans,,  x.,  268)  that  he  made  in  1875 
a  16  per  cent,  spiegel  perfectly  gray  and  very  tough  and  strong,  and 
yet  which  could  not  be  cut.  Mr.  Pourcel^  at  the  next  meeting  of  the 
Institute,  reported  {Trans.f  xi.,  197)  a  similar  case  in  his  experience 
of  a  gray  15  per  cent,  spiegel.  His  furnace,  like  Mr.  Ward's,  was 
very  hot,  and  enough  silicon  was  taken  up  to  make  the  iron  gray. 

DiSCU&SION. 

J.  W.  Lancjley,  Pittsburgh,  Pa. :  I  would  like  to  ask  Mr.  Keep 
one  question  of  a  chemical  nature,  and  that  is  whether  in  this  line 
of  work  he  has  followed  up  the  sulphur  that  is  present.  It  is  a  very 
general  impression  that  there  is  an  antagonism  between  sulphur  and 
manganese.  I  would,  therefore,  like  to  know  whether  he  has  found 
an/  relations  between  the  increments  of  manganese  and  the  decre- 
ment or  otherwise  of  the  sulphur  in  the  metal? 

Mr.  Keep  :  It  is,  perhaps,  to  be  regretted  that  all  of  the  test- 
bars  spoken  of  in  my  recent  papers  have  not  been  subjected  to 
chemical  analysis.  One  reason  is  that  I  have  no  chemist  at  my  dis- 
posal. The  method  I  have  pursued  is  explained  fully  in  my  paper. 
I  think  that  my  estimated  composition  of  a  given  mixture  of  known 
materials  is  sufficiently  accurate  to  warrant  my  geueral  deductions. 
Of  course,  it  cannot  be  as  accurate  as  a  complete  analysis  of  the 
mixture  itself. 

Regarding  sulphur ;  during  my  experiments,  whenever  I  have  put 
ferro-mangauese  into  the  ladle  from  our  cupola,  sulphur  became 
apparent  to  the  smell,  which  I  presume  indicates  that  the  manganese 
eliminates  thesulphur.  It  seems  to  me,  moreover,  that  in  Mr.  Howe's 
work  on  steel,  this  is  so  conclusively  proved  as  to  make  further  ex- 
periment unnecessary.  A  curious  and  somewhat  surprising  experi- 
ence is  recalled  by  Prof.  Langley's  questions,  namely,  that  we  had 
at  one  time  in  our  stock-yard  a  lot  of  pig-iron,  made  from  cinder, 
which  carried  manganese  and  sulphur  in  almost  the  exact  proportion 
of  their  chemical  equivalents,  i,e,,  27.5  to  16.  The  analysis  was 
.  (Fleming)  Si,  3.738  ;  P,  2.329  ;  Mn,  0.4395  ;  S.  0.205. 

With  regard  to  manganese,  my  experience  is  that  it  is  very  diffi- 
cult, by  introducing  manganese,  as  I  have  done,  to  get  a  series  of 
bars  containing  just  what  is  expected.  In  series  IX.  manganese  was 
introduced  with  great  care,  and  when  I  expected  to  find  2  per  cent. 
I  had  only  0.583.     That  iron  had  been  hot  for  several  hours  before 
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being  cast.  In  other  cases,  I  have  reason  to  believe,  there  was  no 
such  large  proportionate  loss  of  manganese. 

,  Julian  Kennedy,  Pittsburgh,  Pa. :  Mr.  Keep's  remarks  con- 
firm the  impression  strongly  made  upon  me  by  his  paper,  that,  while 
the  calculation  of  the  contents  of  his  mixtures  might  be  in  some  cases 
approximately  trustworthy,  yet  in  the  case  of  the  high  percentages 
of  manganese  it  would  be  very  misleading.  We  know  that  in  run- 
ning from  the  furnace  to  the  pig-bed  the  composition  of  such  metal 
is  changed'  enormously ;  that  80  per  cent,  ferro- manganese  will  oxi- 
dize to  powder  unless  completely  protected  from  the  weather.  It  is 
so  sensitive  that  I  should  expect,  in  many  cases,  as  much  proportion- 
ate error  as  Mr.  Keep  I^  observed.  I  should  not  be  surprised  to 
find,  as  he  did,  that  there  was  only  one-half  or  three-quarters  of  one 
per  cent,  where  two  per  cent,  was  expected ;  because  the  manganese 
is  so  extremely  quick  to  oxidize.  Another  point  that  strikes  me  is, 
that  it  would  be  very  interesting,  in  the  case  of  those  bars  that  were 
bent,  to  know  the  carbon  contents.  May  it  not  be  possible  that  the 
carbon  had  been  pretty  well  driven  out  of  these  bars,  and  that  there 
was  in  them  what  is  known  as  Hadfield  steel  ? 

Mr.  Keep  :  In  the  case  of  the  bars  of  Series  I.,  the  manganese 
was  not  in  the  metal  more  than  five  minutes  from  the  time  that 
the  melted  iron  struck  the  ferro.  ^  that  in  that  case  we  are 
pretty  sure  that  all  the  manganese  was  still  present.  So  far  as  the 
carbon  is  concerned,  there  was  no  indication  on  the  surface  of  the 
casting  but  that  carbon  was  still  present.  In  the  case  of  the  spec- 
ular bars  of  Series  II.,  I  put  in  10  pounds  of  spiegel  and  melted 
it  with  ferro-silicon  in  the  crucible.  In  that  case  there  may  be  less 
manganese  in  the  bar  than  was  in  the  pig,  but  Mr.  Hadfield's  an- 
alyses of  similar  tests  {Trans,  xix.,  1041)' show  that  enough  Mn 
remains  to  justify  our  conclusions. 

President  Birkinbine  :  I  think  we  can  congratulate  ourselves 
upon  such  papers  as  Mr.  Keep's,  not  only  because  of  their  value 
technically,  but  also  as  showing  that  the  men  who  use  pig-iron  are 
beginning  to  investigate  what  it  is.  We  all  know  that  foundry  pig- 
iron  is  graded  differently  in  different  parts  of  the  country,  so  that 
the  names  given  to  the  various  grades  have  nothing  more  than  local 
significance.  The  Bessemer  steel-makers  have  done  a  great  service 
to  our  blast-furnaces  by  practically  ignoring  mere  names,  and  classi- 
fying irons  according  to  their  exact  composition.  Now  the  foundry- 
men,  by  beginning  to  investigate  thoroughly  the  material  which 
comes  into  their  yards,  and  not  accepting  or  condemning  it  on  its 
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name  alode,  are  taking  a  great  step  in  advance.     A  pig-iron  made 
from  a  furnace-charge  containing  a  little  mill-cinder  may  be  better 
than  if  an  ore  worse  than  mill-cinder  were  substituted  for  that  mar 
terial.     The  true  test  is  the  analysis  and  the  experimental  use  of  the   . 
pig  for  the  special  purpose  in  view. 

E.  C.  Pechin,  Roanoke,  Va. :  A  number  of  years  ago,  first  at 
Pittsburgh,  and  afterwards  at  the  New  York  meeting,  Mr.  John  L. 
Gill,  Jr.,  of  Pittsburgh,  claimed  that  the  chillingproperty  of  certain 
pig-irons  depended,  not  absolutely  upon  the  proportion  of  silicon, 
but  upon  the  presence  of  a  form  of  carbon  intermediate  between  the 
combined  and  the  graphitic  iron.  I  have  never  seen  anything  more 
about  it,  and  I  simply  ajsk,  for  informatioq,  whether  anybody  else 
has  discovered  this  intermediate  form  of  carbon. 


ELECTBICITT  IN  MINING,  AS  APPLIED  BY   THE  ASPEN 
MINING  AND  SMELTING  COMPANY,  ASPEN,  COLO, 

BY  M.   B.   HOLT,  ASPEN,  COLO. 

(Olen  Sumiftit  Meeting,  October,  1891.) 

At  this  time,  when  electricity  in  its  various  applications  is  attract- 
ing SO  much  interest,  and  with  such  good  reason,  it  has  been  suggested 
to  me  that,  as  the  Aspen  Mining  and  Smelting  Company,  of  Aspen, 
Pitkin  county,  Colorado,  was  the  first  mining  company  in  America 
to  employ  electrical  power  for  hoisting,  a  record  of  what  has  been 
accomplished  by  this  company  would  be  of  interest. 

Early  in  the  year  1888  the  question  of  power  for  the  development 
of  the  ore-horizon  lying  below  the  level  of  the  tunnel  through  which 
the  property  is  worked,  became  one  of  importance.  The  conditions 
under  which  it  was  proposed  to  use  power  were  as  follows  (See  Fig. 
1) :  The  company's  mines  lie  upon  the  northwestern  slope  of  a  moun- 
tain, the  ascent  of  which  is  at  an  angle  of  28""  from  the  horizon. 
The  ore,  consisting  of  argentiferous  galena  and  other  silver-bearing 
mineral,  is  found  at  or  near  the  plane  of  contact  of  a  superincum- 
bent mass  of  blue  limestone,  with  an  underlying  bed  of  dolomite. 
This  contact  plane  dips  north  30^  west,  at  an  angle  of  60^  with  the 
horizon. 

A  tunnel  1000  feet  in  length,  driven  south  into  the  mountain  near 
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its  bane,  penetrates  thiB  ore-mase  at  a  vertical  depth  of  nearly  500 
feet,  and  througli  this  the  ore  afid  the  waste  material  are  brought  to 
the  surface.  For  the  purposes  of  drainage  and  traneportatiop,  the 
tunnel  has  received  a  grade  of  3  per  cent,  towards  its  mouth,  while 


from  its  breast,  or  inner  extremity,  level  branches  or  drifts  are  run 
both  to  the  right  and  left,  following  the  strike  of  the  ore-bearing 
plane,  and  developing  it  in  its  lateral  extent.  The  development  be- 
low the  tunnel-level  was  begun  by  einliing  two  inclines,  which  were 
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intended  to  follow  the  ore-plane  in  its  descent,  and  which,  it  was 
contemplated,  might  acquire  considerable  depth.  One  of  these  in- 
clines began  near  the  inner  extremity  of  the  tunnel,  and  the  other 
was  started  300  feet  distant  in  the  drift  toward  the  north.  Both 
descended  below  the  tunnel-level  at  an  angle  of  60°.  Power,  ap- 
plied to  hoisting  machinery  of  some  kind,  was  necessary  to  bring  up 
the  ore  and  waste  material  from  these  inclines,  and  from  the  levels 
that  would  be  driven  in  future. 

The  first  plan  considered  was  the  use  of  steam-power ;  that  of 
compressed  air  was  then  discussed.  Both  of  these  plans  were  finally 
laid  aside  for  weighty  reasons,  although  the  latter  offered  several 
advantages  over  the  use  of  steam  in  the  inside  workings.  It  then 
occurred  to  Mr.  Fred.  G.  Bulkley,  the  manager  of  the  company,  to 
duplicate  the  operations  of  the  Compagnie  de  la  Ferroni^re,  on  a  larger 
scale;  to  use  electrical  power,  utilizing,  for  the  generation  of  the 
current,  the  power  daily  going  to  waste  through  the  channels  of 
mountain  streams  in  the  vicinity.  Accordingly  a  flume  was  con- 
structed, with  ample  capacity,  giving  an  effective  head  of  63  feet, 
and  a  Pelton  water-wheel,  having  a  diameter  of  5  feet,  was  selected 
for  the  motor.  A  SO-horse-power  500-volt  constant-potential  Edi- 
son dynamo  was  then  set  up  and  run  under  the  direction  of  the 
Roaring  Fork  Electric  Light  and  Power  Company.  This  machine 
generated  the  current  at  a  distance  of  60(^0  feet  from  the  mouth  of* 
the  tunnel. 

After  long  delays  and  by  constant  importunity,  attended  with 
more  than  one  failure,  Mr.  Bulkley  finally  secured  the  attention  and 
aid  of  a  manufacturer  of  electrical  machinery,  to  provide  the  hoist- 
ing-plant for  the  mine,  and  finally,  in  July,  1888,  the  first  electric- 
hoister  used  in  mining  work  in  America  was  placed  at  the  head  of 
the  Veteran  Tunnel,  and  successfully  used  for  hoisting  from  the 
incline  near  this  point.  The  same  motor,  by  engaging  with  a  second 
drum,  draws  the  empty  cars  in  the  tunnel  by  a  tail-rope  system,  the 
loaded  train  running  out  by  gravity.  This  hoist  consists  of  a  7J- 
horse-power  street-car  motor  (See  Fig.  2),  manufactured  by  the 
Sprague  Electric  Railway  and  Motor  Company,  geared  as  shown  in 
Fig.  3.  This  motor  proved  the  success  of  the  plant  from  the  start, 
notwithstanding  the  trying  conditions  under  which  it  was  at  first 
used— one  of  which  was  the  great  amount  of  moisture  in  the  work- 
ings, which  condensed  upon  the  machine.  Later,  the  iron  pinions 
on  the  armature-shaft  were  exchanged  for  raw-hide  pinions,  dimin- 
ishing the  noise  when  running,  and  also  the  liability  of  any  leakage  of 
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current  to  the  levers  and  other  parts  of  the  machinery.  The  work- 
ing of  this  motor  was  so  successful  that  during  the  same  year  a 
similar  hoist  was  placed  at  the  heud  of  the  incline  300  feet  to  the 
northeast.      Each  of  these  hoisters  was  designed  to  raise  250  tons 
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260  feet  op  a  60*  incline  every  24  hours,  estimating  16  hours  ol 
actual  working  time.  Fig.  3  shows,  in  plan,  the  arrangement  of  the 
electric  hoist. 

The  first  motor  has  been  in  constant  use  for  hoiBting  for  3  years, 
during  which  time  the  cost  of  repairs  has  been  as  follows : 
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Replacing  field-magnet  coils, $43.00 

Re-winding  one  armature, 80.00 

Replacing  commutators, 75.00 

Total  repairs, $198.00 

This  does  not  include  the  cost  of  commutator-brushes,  which 
have  to  be  replaced  from  time  to  time — which  is,  however,  a  small 
item.  The  first  item  of  expense  above  given  was  necessitated  by 
the  burning  out  of  the  insulation  on  the  wires  of  the  magnet-coilsi 
which  might  have  resulted  from  one  or  more  of  several  causes.  The 
second  item  was  due  to  the  bursting  of  the  binding-wires  on  the 
armature.  This,  had  it  been  anticipated,  might  have  been  guarded 
against.  The  last  item,  caused  by  the  wearing  out  of  the  commu- 
tators, was  due  to  the  natural  wear  between  the  commutator  and  the 
copper  brushes  which  were  originally  employed. 

Recently  the  company  has  put  carbon  brushes  upon  all  of  the 
motors,  and  also  uses  them  upon  the  dynamos.  Since  this  change 
has  been  made,  the  motors  have  run  without  sparking,  and  the  wear 
upon  the  commutators  is  inappreciable. 

The  Company  has  an  extra  armature  that  can  be  used  in  either 
motor-hoist,  so  that,  in  case  of  accident,  very  little  time  need  be  lost 
in  repairing  the  damage.  In  the  case  of  the  accident  to  the  field- 
magnet  coils,  mentioned  above,  the  burnt  coils  were  replaced  with- 
out much  delay  by  others  bought  in  Aspen.  The  total  time  lost, 
due  to  accidents  or  repairs  during  the  time  the  hoist  has  been  in  use, 
amounts  to  12  hours. 

In  the  latter  part  of  the  year  1889  the  Company,  having  available 
water-power,  not  in  use,  decided  to  have  its  own  generating-plant. 
Previous  to  this  it  had  been  supplied  with  power  from  the  Roaring 
Fork  Electric  Light  and  Power  Company.  Work  was  soon  begun, 
and  by  July,  1890,  the  Company  was  generating  its  own  power. 
This  plant  has  a.  capacity  of  100  electrical  horse-power,  which  is 
generated  by  two  50-horse^power  Thomson-Houston  motor-type 
dynamos,  wound  for  a  constant  potential  of  600  volts.  These  are 
run  from  two  double  Pelton  water-wheels,  42  inches  in  diameter,  i.e., 
four  42-inch  wheels,  two  being  paired  together  on  each  shaft.  Each 
of  these  four  wheels  is  impelled  by  the  force  of  the  water  issuing 
from  two  nozzles  and  appliec)  to  the  wheels,  as  shown  in  Fig.  4. 

A  pressure  of  about  35  pounds  per  square  inch,  as  indicated  by  a 
gauge  at  the  foot  of  the  main  column-pipe,  is  obtained  from  an  effec- 
tive fall  of  a  little  over  80  feet.     This  fall  is  obtained  by  fluming 
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for  a  distance  of  1300  feet.  The  flurae  has  a  capacity  of  1000  cubic 
feet  of  water  per  minute. 

The  requirements  calling  for  greater  or  less  power  are  met  by  de- 
flecting, the  nozzles,  which  work  on  a  ball-and-socket  joint,  by  means 
of  a  Woodward  governor,  set  to  maintain  a  constant  speed  of  the 
water-wheel  shaft  from  which  it  is  actuated.  The  wheels  are  enclosed 
in  an  iron  hood,  4  feet  by  4  feet,  which  can  be  taken  off  with  little 
trouble,  the  joints  being  kept  tight  with  rubber  gaskets.  (See 
Fig.  5.) 

The  adjoining  ends  of  the  water-wheel  shafts  carry  a  friction- 

Fig.  4. 


LEGEND: 

A.  L«v«r  (operated  from  governor 

by  rack  8c  pinion.) 

B.  Ball  St  socket  joint 

L.     Links 


Pelton  Water-wheel. 


clutch,  by  means  of  which  the  shafts  can  be  run  as  one  shaft  when 
it  is  desired  to  throw  the  output  of  both  dynamos  on  ofie  common 
line. 

Fig.  6  shows  one  set  of  water-wheels  and  one  dynamo,  with  the 
Woodward  governor,  the  other  set  of  wheels  and  clynamo  being 
entirely  similar. 

The  electrical  connections  in  the  generating  station  ara  as  simple 
as  possible,  the  jdynamos  being  connected  with  the  switch-board  by 
overhead  wiring  hung  from  the  trusses. 

Wiring, — ^The  generating  station  is  situated  6000  feet  from  the 
entrance  to  the  tunnel.    The  stationary  motors  now  in  use  are  situ- 
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ated  at  distances  of  1800  feet^  1200  feet,  and  1000  feet  from  the 
entrance  underground.  From  the  power-station  to  the  tunnel  the 
current  is  carried  by  bare  00  copper  wire,  except  for  a  distance  of 
about  300  feet  at  each  end  of  the  line,  where  an  underwriters'  insu- 
lated wire  of  the  same  size  is  used.  Inside  the  mine  the  current  is 
carried  to  the  two  main  hoisting-stations  at  distances  of  1000  and 
1200  feet  by  kerite  seven-strand  conductors,  having  a  heavy  insula- 
tion ^  inch  in  diameter.  Okonite  or  Grimshaw  insulated  wires  are 
used  on  all  the  other  circuits  inside  the  mine,  where  the  insulation 
must  necessarily  be  of  the  best.  On  none  of  the  circuits  inside  the 
mine  is  there  a  loss  exceeding  5  per  cent.  Along  the  outside  circuit 
there  is  at  present,  when  the  wires  are  carrying  the  maximum  load 
required  by  present  operations,  a  loss  of  from  6  to  6  per  cent. 

Cost  of  Oenerating. — The  cost  of  generating,  as  obtained  by  divid- 
ing the  cost  of  labor  and  lubricants  (interest  and  depreciation  are 
not  included)  by  the  horse-power  demanded,  amounts  at  present  to 
two-thirds  of  one  cent  per  horse-power  per  hour;  and  greater 
amounts  of  power  could  be  furnished  at  a  lower  rate  per  horse-poweri 
as  up  to  lOO-horse- power  no  increase  of  plant  would  be  necessary, 
the  cost  for  labor  would  remain  the  same,  and  the  cost  of  lubricants 
would  advance  but  little. 

In  July,  1890,  the  Company  received  from  the  Sullivan  Diamond 
Prospecting  Company,  of  Chicago,  an  electric  diamond  prospecting- 
drill.  (See  Fig.  7.)  This  was  the  first  drill  of  its  kind,  and  was 
built  for  the  Company  at  the  request  of  Mr.  Fred.  G.  Bulk  ley,  with 
the  understanding  that  it  should  have  a  thorough  trial,  and  be  re- 
tained if  satisfactory.  It  is  operated  by  a  3-horse-power  Thomson- 
Houston  motor,  and  has  a  capacity  of  400  feet,  taking  out  a  oore 
^  of  an  inch  in  diameter.  The  drill  was  first  set  up  on  the  surface, 
and  experiments  were  made  with*  it  by  drilling  into  an  immense 
granite  boulder.  It  was  found  that,  in  this  kind  of  rock,  it  would 
drill,  taking  out  a  core  of  the  above  diameter,  2  inches  per  minute. 
It  was  then  put  in  the  mine,  where  it  has  been  used  steadily  for  the 
last  12  months  for  exploring  the  hanging-  and  foot-walls  of  the 
mineral  deposit,  which  are  respectively  a  hard  blue  and  often  silici- 
fied  limestone,  and  a  brown  dolomitic  limestone.  In  these  rocks  the 
machine  drills  at  the  rate  of  1^  inches  to  2  inches  per  minute;  or, 
in  a  shift  of  8  hours,  allowing  for  all  delays  essential  to  diamond- 
drill  work,  the  progress  made  varies  from  6  to  32  feet,  depending 
upon  the  character  of  the  rock.  The  average  per  shift,  allowing  for 
time  lost  in  moving,  setting  up  and  drawing  cores,  is  16  feet,  one 
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drill-man  and  one  helper  being  employed.  About  4400  feet  have 
been  drilled  to  date  of  writing,  July  6,  1891.  The  exact  cost,  in- 
cluding all  expenses,  has  been  68  cents  per  foot.  This  is  rather 
higher  than  was  expected,  and  it  is  thought  that  it  can  be  reduced. 

Recently  finding  that  the  T^-horse-power  hoist  at  the  head  of  one 
of  the  inclines  was  getting  too  small  for  the  work  required,  it  was 
removed  to  another  part  of  the  mine^  where  it  could  be  advanta- 
geously employed,  and  a  25-hor8e-power  C.  &  C.  electric  motor  put 
in  its  place.  This  larger  motor  is  geared  so  as  to  raise  a  load  of  3000 
pounds  up  a  60^  incline  276  feet  per  minute.  It  is  capable,  by 
actual  timing,  of  making  the  round-trip  from  a  depth  of  660  feet, 
with  a  load  of  3000  pounds,  in  3  minutes. 

At  the  time  of  writing,  the  Company  is  about  to  apply  electrical 
power  for  running  a  small  machine-shop  and  its  timber-room  and 
carpenter-shop.  It  is  also  proposed,  in  the  near  future,  to  employ 
an  electrical  locomotive  for  surface-tramming. 

A  contract  has  been  made  with  the  Thomson-Van-Depoele  Elec- 
tric Mining  Company  by  which  this  Company  is  soon  to  receive, 
upon  trial,  a  Thomson-Van-Depoele  electric  percussion-drill,  and  a 
motor-transformer  for  supplying  the  drill  with  a  current  of  220  volts 
from  our  600-volt  mains. 

The  main  working-galleries  of  the  mine  are  lighted  by  electricity, 
the  current  for  which  is  taken  from  the  power-mains,  and  five  100- 
volt  incandescent  lamps  are  connected  up  in  series.  As  the  light 
produced  is  found  to  be  sufficient,  and  the  life  of  the  lamp  is  thereby 
prolonged,  six  of  these  lamps  are,  in  most  cases,  placed  in  series 
with  each  other.  Eight  horse-power  of  electrical  energy  is  now  em- 
ployed for  lighting  purposes. 

The  recognized  advantages  of  electrical  power  for  mining  opera- 
tions may  be  briefly  summarized  as  follows : 

1.  It  can  be  transmitted  long  distances  with  small  loss,  thus 
making  it  possible  to  use  power  at  such  a  distance  from  its 
source  as  would  render  it  otherwise  unavailable,  as  in  the  case 
before  us. 

2.  The  conductors  for  conveying  electrical  power  from  one  point 
to  another  require  less  space,  are  more  easily  put  in  place  and  re- 
paired, are  easily  tapped  for  branch  circuits,  and  form  a  more  flexible 
system  throughout  than  any  other  mode  of  transmission  permits. 

3.  The  electrical  system  is  ideal,  viewed  from  the  standpoint  of 
cleanliness. 
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4.  The  stations  for  utilizing  electrical  power  can  be  made  to  occupy 
a  minimum  space. 

6.  If  this  system  does  not  assist  ventilation^  it  does  not,  on  the 
other  hand,  vitiate  the  air  in  the  mine-workings. 

After  three  years'  use  under  the  varying  conditions  of  mining 
work,  the  electric  current  of  500  volts  has  proved  itself  free  from 
danger  to  life,  and  has  caused  no  inconvenience  further  than  one  or 
two  severe  shocks.  Even  the  risk  of  receiving  a  shock  has  proved 
insufficient  to  suppress  the  spirit  of  investigation  with  which  some 
men  are  endowed.  The  best  illustration  of  the  convenience  and 
flexibility  of  the  system  is  the  diamond-drill,  where  the  conductors 
are  unwound  and  strung  up  as  the  drill  moves  along,  or  taken  down 
and  coiled  up,  as  may  be  desired. 
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BY  HENRY  LOUIS,   ASSOC.   E.8.M.,  P.I.O.,   t'q.S.,  ETC.,  SINGAPORE,    STRAErS 

SETTLEMENTS. 

(Glen  Summit  Meeting,  October,  1891.) 

The  object  of  the  present  paper  is  to  describe  a  primitive  method 
of  gold-extraction,  practiced  by  a  small  colony  of  Chinese  in  the 
district  of  Tomoh,  one  of  the  Siamese-Malayan  States.  This  district 
has  been  worked  for  gold  about  150  years,  but  has  been  only  twice 
or  thrice  visited  by  Europeans,  who  are  looked  upon  with  a  good 
deal  of  jealousy  by  the  miners. 

The  gold-district,  covering  not  more  than  10  square  miles,  is  situ- 
ated about  Lat.  5°  47'  N.  and  Long.  101°  39'  E.,  on  the  head- 
waters of  the  river  Teluban.  It  is  a  very  mountainous  region,  lying 
on  the  northern  flanks  of  the  great  range  that  forms  the  watershed 
between  the  rivers  Patani,  Kelantan,  Teluban,  etc.,  on  the  north 
and  Perak  on  the  south. 

The  gold  occurs  in  narrow  veins  and  leaders  of  quartz,  intersect* 
ing  and  intercalated  among  irregularly  upheaved  and  contorted, 
highly  metamorphosed,  micaceous  and  chloritic  schists. .  These  veins 
vary  between  3  inches  and  3  feet  in  thickness,  and  are  sometimes 
very  rich.  The  geology  of  this  region  is  thus  very  similar  to  that 
characterizing  gold-regions  all  over  the  world;  it  must,  however, be 
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noted  that,  owing  to  the  extreme  heat  aud  moisture  of  the  climate, 
the  rock  has  in  many  places  weathered  very  completely  into  soft  red, 
purple  and  yellow  clays,  such  decomposition  extending  often  to 
great  depths. 

The  history,  also,  of  this  remote  gold-region  is  curiously  like  that 
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of  other  similar  ones.  Grold  was  first  discovered  by  Malays  in  the 
sands  or  banks  of  the  river  Teluban ;  and  they  perhaps  worked  it  to 
some  small  extent.  The  Malays  are,  however,  constitutionally 
averse  to  continuous  work  in  any  shape;  and  before  long  Chinese 
immigrants,  steady  and  inured  to  labor,  came  into  the  country  and 


326  A  CHINESE  SYSTEM  OF  OOLD-MILLIVO. 

^^ rushed"  these  alluvial  gold-fields.  The  Malays  everj  now  and 
then  killed  off  these  immigrants,  partly  for  the  pleasure  of  the  deed 
and  partly  to  gain  possession  of  the  gold  they  had  washed  out ;  but 
with  characteristic  perseverance  the  Chinese  returned  again  and 
again  in  ever  increasing  numbers,  and  have  now  a  firm  footing  in 
the  country,  the  Chinese  population  of  the  Tomoh  district  being  at 
at  present  over  1000. 

They  seem  to  have  worked  their  way  up  the  river  from  one  allu- 
vial field  to  another— each  being  limited  in  area,  though  some  are 
very  rich — until,  the  alluvials  being  exhausted,  they  had  to  turn  to 
the  reef-gold  of  the  above-mentioned  Tomoh  district,  which  they 
began  to  attack  some  70  years  ago. 

Their  method  of  mining  was  then,  and  is  now,  the  following: 
A  small  water-furrow  is  first  brought  in  at  the  highest  possible 
level  on  a  suitable  hill-side,  and  the  stream  is  turned  down  the  hill. 
By  means  of  a  heavy  long  wooden  crowbar,  shod  with  a  long  strongly- 
made  chisel-pointed  iron  socket,  and  with  the  help  of  the  stream  of 
water,  which  rarely  exceeds  50  cubic  feet  per  minute,  the  surface- 
soil  and  weathered  country-rock  are  loosened  and  sluiced  away. 
No  trouble  is  taken  .to  save  any  of  the  gold  washed  down,  except 
in  one  or  two  instances  where  rude  riffles  have  been  inserted  in  the 
tail-race;  the  race  is,  however,  carefully  searched  for  bits  of  quartz 
showing  visible  gold,  which  are  picked  out  and  put  on  one  side. 
The  surface  of  the  shales  is  thus  stripped,  and  any  veins  of  gold 
that  may  be  laid  bare  are  then  worked.  The  principal  mining- 
tool  is  a  rough  kind  of  pick,  and  the  use  of  explosives,  or  even 
of  wedges,  is  quite  unknown.  Neither  shovels  nor  barrows  are 
used  ;  their  places  are  taken  by  broad  hoes  and  baskets,  a  pair  of  the 
latter,  swung  at  each  end  of  a  stick  and  holding  at  least  70  pounds, 
being  easily  carried  up  steep  grades  by  a  Chinese  miner.  The  tun- 
nels, small  and  irregular,  usually  incline  steeply  upward  ;  they  are 
rudely  timbered,  and  as  timber  decays  rapidly  in  this  climate,  these 
workings  cannot  penetrate  far  into  the  hills,  but  soon  have  to  be 
abandoned,  and  the  whole  series  of  operations  has  to  be  recommenced. 

A  party  of  27  miners,  who  owned  and  worked  a  rich  hill- 
side, considered  themselves  to  be  doing  well  when  their  entire 
day's  output  (they  do  not  work  night-shifts  as  a  rule)  was  a  little 
over  half  a  ton  of  quartz.  The  quartz,  as  extracted  from  the  reef,  is 
cobbed  down  with  hammers  to  about  pass  a  l^inch  ring,  and  is  then 
parefully  hand-picked,  all  stone  showing  visible  gold,  sulphurets  or 
any  other  favorable  indications  being  sent  to  the  mill  and  the  rest 
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being  thrown  away.  From  oae-eighth  to  one-half  is  thus  wjented. 
I  have  assayed  maay  samples  of  this  refuse  rock,  which  carries  from 
3  to  10  pennyweights  of  free  milling  gold  to  the  ton,  so  that  it  in 
quite  worth  milling  according  to  our  modern  ideas. 
,  At  first  the  mode  of  crushing  adopted  by  the  Chinese  consisted  in 
heating  the  rock  red-hot,  quenching  it  in  water  and  then  pounding 
it  down  and  rubbing  it  between  two  stonra.     About  35  years  ago  a 

Fio.2. 


Oiiemtion  of  Foot-po»er  Mill. 

tilt-hammer,  made  entirely  without  iron  and  having  a  stone  head, 
was  introduced,  and  is  still  much  used  by  individual  miners.  About 
twelve  years  ago  Jhe  battery  of  three  to  six  hammers,  worked  by  a 
water-wheel,  was  first  employed.  It  is  said  to  have  been  copied 
from  milU  for  crushing  the  materials  of  "joss-sticks."  Tilt-hammer 
rice-mills  are  also  built.  Such  water-mills  are  usually  the  property 
of  a  party  of  miners  working  together. 


328  A  CHINESE  SYSTEM  OF  GOLD-MILLING. 

I  propose  to  describe  the  method  of  milling  with  both  the  foot- 
and  the  water-mill,  a  typical  pattern  of  the  former  being  shown  in 
Figs.  1  and  2  and  of  the  latter  in  Figs.  3  and  4. 

The  foot-mill  shown  in  Figs.  1  and  2  is  of  the  usual  type,  from 
which  there  are  but  few  unimportant  departures.  The  entire  falling 
weight  is  about  45  pounds,  and  the  length  of  drop  about  20  inches; 
as  a  rule,  these  mills  are  worked  at  15  to  20  blows  per  minute. 

The  mill  shown  is  built  entirely  without  iron ;  the  stone  that 
forms  the  base  of  the  mortar  is  a  piece  of  hard  quartzite  or  of  barren 
reef-quartz,  the  same  material  being  used  for  the  hammer-head, 
which  is  firmly,  held  in  its  socket  by  wooden  wedges,  the  socket  being 
kept  from  splitting  by  a  stout  hoop  of  rattan  twisted  round  it. 
Some  of  the  mills  use  iron  hoops,  and  some  have  iron  spindles  for 
the  hammer  to  work  on ;  with  these  exceptions  and  one  or  two  other 
very  unimportant  details,  the  construction  is  always  the  same,  though 
the  dimensions  may  vary  a  little.  There  is  scarcely  a  house  in  the 
whole  district  that  has  not  one  of  these  mills. 

The  Chinese  usually  work  these  mills  for  about  eight  hours  per 
day.  A  shovelful  of  quartz  is  first  thrown  into  the  mortar  and  the 
mill  is  then  worked  by  the  foot  of  the  miner,  who  stands  on  one  or 
other  of  the  stones  shown  in  the  drawings,  grasping  the  uprights 
or  else  a  cross-bar  that  is  sometimes  fastened  across  them. 

When  the  quartz  is  supposed  to  be  crushed  sufficiently  fine,  the 
hammer-head  is  propped  up,  and  the  crushed  stone  is  scraped  out 
and  sifted  through  a  circular  sieve  15  inches  to  20  inches  in  diam- 
eter, and  about  1^  inches  deep.  The  sieve  itself  is  made  of  thin 
strips  of  rattan  about  0.1  inch  in  width.  There  are  from  l\6  to  40 
holes  per  square  inch,  so  that  the  width  of  mesh  varies  between 
0.04  and  0.06  inch.  A  man  can  crush  in  a  working  day,  with  one 
of  these  mills,  from  70  lbs.  to  140  lbs.  of  stone,  according  to  its 
hardness. 

The  number  of  heads  in  a  power-mill  varies  between  3  and  6,  de- 
pending principally  on  the  quantity  of  water  available.  As  the 
district  is  well  watered,  the  large  majority  are6-stamp  mills;  out  of 
11  power-mills  which  it  contains,  8  are  6-stamp  mills.  Figs.  3  and  4 
show  the  usual  type  of  the  latter  mills,  from  which  pattern  there  is 
practically  no  departure.  I  could  not  even  induce  the  Chinese  to 
try  a  curved  cam  instead  of  a  straight  one,  as  they  seemed  to  con- 
sider such  innovations  dangerous  ;  and  they  added  that  ^'  wood  and 
water  were  both  cheap  enough.''  As  will  be  noticed,  the  construc- 
tion of  the  water-wheel  is  extremely  crude — the  water,  which  is 
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sometimes  brought  down  very  steep  hills  from  considerable  heights 
in  smally  highly-inclined  ditches,  strikes  the  flat  buckets  with  con- 
siderable velocity,  so  that  the  wheel  is  partly  an  impact  and  par'^ly 
a  pressure  wheel ;  the  buckets  are  never  more  than  half-filled  at  the 
best,  and  the  wheel  is  sometimes  allowed  to  wade  in  tail- water  to  the 
full  depth  of  the  shrouding.  Much  power  is  accordingly  wasted^ 
the  amount  of  water  consumed  in  driving  one  of  these  mills  being 
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from  80  to  100  cubic  feet  per  minute.  The  average  number  of  drops 
of  each  head  varies  between  27  and  32  per  minute ;  the  length  of 
the  drop  is  about  2  feet,  and  the  effective  falling  weight  of  the  head 
is  about  70  lbs.  Thus  only  about  one-third  of  the  theoretical  power 
of  the  water  is  utilized,  but  of  course  Inuch  of  this  loss  of  energy 
is  due  to  the  friction  of  the  whole  machine,  notably  between  the 
straight  cam  and  the  tail-piece  of  the  hammer.  There  are  usually 
3  men  per  shift  working  one  of  these  mills,  2  being  enga^d  in 
looking  afler  and  feeding   the  machine,  while  the  third  sifts  the 
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pounded  stone  as  already  described^  throwing  back  under  one  of  the 
hamftier-heads  whatever  will  not  pass  the  sieve. 

The  cost  of  one  of  these  mills  complete^  including  a  substantial 
shed  over  it  thatched  with  paiin  leaves,  but  excluding  the  water- 
furrow^  is  said  to  be  about  $2000*,  and  they  are  supposed  to  last  from 
6  to  7  years — needing,  however,  constant  repairs. 

A  stone  hammer-head  lasts  from  a  week  to  a  month,  aooording  to 
its  quality.  They  are  made,  as  in  the  foot-mills,  from  bpulders  of 
quartz  rock,  and  it  is  mostly  one  man's  business  to  search  for  these 
boulders  in  the  bed  of  the  stream,  and,  when  found,  to  dress  them 
into  shape. 

The  crushing  capacity  of  one  of  these  mills  varies  from  850  lbs. 
to  1400  lbs.  per  24  hours,  according  to  the  hardness  of  the  rock.  It 
is  to  be  specially  noted  that  the  crushing  is  performed  quite  dry. 

I  tested  the  degree  of  fineness  to  which  these  mills  reduce  the 
quartz  by  differential  siftings  of  a  number  of  samples,  taken  by 
spoon-sampling  the  heaps  of  crushed  ore  lying  at  various  mills. 
The  results  of  some  of  my  tests  are  given  in  the  following  table : 


size  of  holes  in  original  Chinese  sieve— 
inches  square. 
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It  appears  from  the  above  table  that  a  great  deal  of  the  ore  is 
crushed  very  fine  (too  fine,  indeed),  while  some  is  not  fine  enough. 
As  about  40  per  cent,  of  the  ore  will  pass  through  a  6,400  sieve, 
there  must  be  much  over-stamping,  resulting,  no  doubt,  in  the  pro- 
duction of  a  great  deal  of  float-gold  and  slimes. 

After  the  mill  has  been  running  for  a  longer  or  shorter  period, 
according  to  circumstances,  i  clean-up  takes  place.  The  crushed 
ore  is  carried  out  in  large  wooden  pails  to  a  Chinaman,  who  washes 


*  The  dollar  here  referred  to  is  the  old  Spanish  dollar,  worth  about  $0.87  in 
United  States  money. 
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it,  squatting  dowD  by  the  side  of  a  square  pit,  through  which  a 
small  stream  of  clear  water  is  kept  running;  The  implement  used 
for  washing  is  a  flat^  somewhat  conical  wooden  dish,  cut  from  the 
spurs  of  certain  hard-wood  trees,  and  fashioned  with  much  care.  It 
is  known  as  the  diUangy  and  much  resembles  the  Spanish*American 
batea,  elcept  that  the  section  of  the  former  is  that  of  a  very  obtuse 
rounded  cone,  while  the  section  of  the  latter  is  approximately  that 
of  a  sphere. 

A  section  of  a  typical  dviang  is  shown  in  Fig.  5.     Much  impor- 

Fig.  5. 
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tance  is  attached  to  the  correct  bhape  of  the  conical  pointy  as  it  is  in 
this  that  the  precious  metal  is  gathered  together.  The  dulang  is 
filled  with  from  10  tx>  16  lbs.  of  crushed  stone,  according  to  its  size, 
and  this  is  washed  by  a  curious  circular,  combined  with  a  slight  un- 
dulatory  motion,  by  which  the  particles  of  light,  barren  quartz  are 
swept  over  the  edge  of  the  dulang,  which  is  held  just  dipping  below 
the  surface  of  the  water  in  the  pit,  while  the  heavier  particles  are 
collected  in  the  rounded  apex  of  the  cone.  When  nearly  cleaned, 
the  gold  and  concentrates  are  transferred  to  a  smaller,  very  carefully 
made  and  polished  dulang ,  about  1  foot  in  diameter,  in  which  the 
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quartz  is  washed  off  as  thoroughly  as  possible,  and  the  gold^  by  a 
skillful  jerk,  is  thrown  clear  from  thesulphurets,  and  finally  collected 
in  a  small  brass  dish.  The  sulphurcts  still  retain  much  coarse  gold, 
to  which  they  cling  obstinately.  They  are  ground  as  fine  as  possible 
on  a  stone  and  re- washed  several  times,  a  good  deal  of  the  gold  being 
thus  separated  and  added  to  that  previously  obtained.  Even  then 
the  sulphurets  still  carry  much  gold,  the  larger  portion  of  wMch  is 
free.  They  are  stored  away  in  jars  while  wet  and  allowed  to  rust, 
and  after  a  time  they  are  sometimes  re-crushed  and  re- washed  ;  very 
often,  however,  they  are  merely  allowed  to  accumulate  and  are  not 
treated  further.     The  first  tailings  are  re-washed,  and  then  stacked. 

The  cleaned  gold  is  dried  and  melted  over  a  small  forge  provided 
with  a  box-shaped  wooden  blower  of  the  usual  Chinese  type.  The 
fuel  is  charcoal.  Tiny,  conical  crucibles,  capable  of  holding  about  a 
couple  of  ounces  of  gold  are  used;  the  gold-dust  is  melted  in  these 
with  borax  and  niter  as  fluxes ;  the  slag  is  lifted  off  the  surface  of  the 
gold  when  the  latter  is  supposed  to  be  clean,  by  means  of  an  iron 
rod,  and  the  gold  is  then  granulated'  by  pouring  into  water.  If  it  is 
not  considered  to  be  sufficiently  soft  and  pure  it  is  re-melted,  and 
the  process  is  repeated  until  the  gold  is  quite  soft.  The  principal 
impurities  removed  seem  to  be  sulphur,  arsenic,  a  little  copper,  and 
perhaps  traces  of  lead.  Both  the  granulated  gold  and  the  crude 
gold-dust,  as  also  gold  got  from  river- washing,  are  used  as  cur- 
rency in  this  district,  coined  money  being  scarcely  ever  seen  here, 
and  then  only  in  the  form  of  the  old  Spanish  dollar. 

In  a  partial  wash-up  at  one  of  these  mills,  during  my  stay  in  the 
district,  the  following  results,  considered  to  be  exceptionally  good, 
were  obtained,  the  quantity  washed  being  as  nearly  as  possible  2000 
pounds  ,of  crushed  ore : 

oz.  dwts.  gn.      U.  8.  currency. 
Bough  gold,  before  melting,       .        .        .    3    11     7  worth  $52  60 
6}  pounds  of  Bulphiirets  for  retreatment,     •    0    16    0      **        14  75 
28}  pounds  of  sulphurets  supposed  to  be 
cleaned, 0      6    0*'  5  60 

Total  gold,  about,     .        .        .        .    4    13    7       "      (72  95 

The  above  two  parcels  of  sulphurets  gave  by  fire-assay  respectively, 

per  ton  of  2240  pounds :   . 

I.  Rich.  IL  Poob. 

oz.  dwts.  gn.  02.  dwts.  grs. 

Gold 293      9    13  21    5      8 

Silver, 30      7      3  2    1     16 

Total 323    16    16  23    7      0 


334  A  CHINESE  SYSTEM  OF  GOLD-MILLING. 

The  tailings  from  this  (or  a  similar)  washing  gave  by  fire-assay^ 
per  ton  of  2240  pounds : 

oz.  dwts.  gra. 

Gold, 0    16     16 

SUver, 0      7    12 

Total, 134 

As  a  general  rule,  there  seems  to  be  left  in  the  tailings  about  one- 
third  of  the  gold  originally  present  in  the  ore,  while  there  must  be 
a  considerable  additional  loss  of  float-gold  carried  away  in  the  pro- 
cess of  washing,  due  to  the  original  fineness  of  some  of  the  gold  in 
the  ore,  and  to  the  over-stamping  already  referred  to. 

The  Chinese  themselves  seem  to  be  of  opinion  that  they  get  about 
one-half  of  the  gold  originally  contained  in  the  stone. 

The  following  examples  will  show  how  much  gold  is  retained  in 
the  tailings : 

In  working  a  very  rich  ore,  which  assayed,  per  ton  of  2240 
pounds, 

OS.  dwts.  gn. 

Gold 6    12    15 

Silver, 119 

Total, 7     14      0 

the  tailings,  after  three  times  pounding  and  washing,  still  assayed : 

02.  dwts.  grs. 
Gold,        .        .        .        .        .        .        .        .        .        .    2    16    10 

Silver, 056 

Total, 3      1    16 

thus  showing  that  nearly  one-half  of  the  proportion  of  gold  originally 
present  was  still  locked  up  in  the  tailings. 

In  another  instance^  where  the  quartz  assayed  originally : 

OE.  dwts.  gn. 

Gc.ld, 14    6 

Silver, 031 

Total, 17    7 

two  piles  of  tailings,  both  said  to  have  been  exhausted  by  five  or  six 
poundings  and  washings,  assayed  respectively : 
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dW\B.  gn.        dwts.  gTS. 

Gold, 4    15  11      1 

Silver, 0    14  1    12 

Total, 6      6  12    13 

From  the  average  of  these  two  assays  it  would  appear  that  nearly 
one-third  of  the  original  proportion  of  gold  is  still  left  in  the  tailings. 
I  might  quote  numerous  other  assays,  but  the  results  in  all  eases 
were  approximately  the* same;  there  were  no  really  clean  tailings  at 
all,  in  spite  of  the  fact  that  they  were  all  the  result  of  handling  sur- 
face-ores, where  practically  the  whole  of  the  gold  was  free.  The 
losses  above  indicated  appear  enormous,  but  it  must  be  remembered 
that  the  thrifty  Chinamen  throw  nothing  away — not  even  tailings; 
however  completely,  in  their  opinion,  these  may  be  exhausted,  they 
still  pile  them  up  and  keep  them.  When,  for  any  reason,  their  mill 
would  otherwise  be  idle,  they  re- pound  and  re- wash  their  old  tailings, 
and  always  get  some  gold  out  of  them.  The  piles  of  tailings  are, 
however,  left  exposed,  so  that  a  considerable  proportion  gets  washed 
down  into  the  streams  and  rivers  by  the  heavy  rains  that  occur  at 
each  change  of  monsoon ;  and  there  are  a  good  many  Chinese  of  the 
poorer  classes  who  make  4  sort  of  living  by  washing  the  sands  in  the 
river-beds,  the  gold  they  get  being  principally,  to  all  appearance^ 
that  which  has  been  thrown  into  the  rivers  by  the  miners  up  stream. 
It  is  noticeable  that  there  is  no  gold,  or  very  little,  to  be  found  in 
the  rivers  above  the  points  where  there  are  mines  in  operation.  A 
fair  day's  work  of  one  Chinaman  in  the  river-bed  (say  six  hours' 
actual  work)  was  found,  as  the  average  of  several  trials,  to  produce 
an  output  of  7.3  grains  of  gold  about  .940  fine,  worth  say  $0.28  U. 
S.  currency.  This  quantity  of  gold  was  obtained  by  washing  22 
large  dulangs  of  gravel,  each  holding  about  70  pounds  of  dirt. 

It  is  interesting  to  note  that  in  custom-milling,  of  which  there  is 
a  good  deal  done  here  (many  of  the  ^'  fossickers  '^  sending  all  the  gold 
quartz  they  collect,  whether  by  mining  or  picking  out  of  the  river- 
gravels,  to  one  of  the  water-mills  for  crushing),  the  charge  made  is 
equal  to  $3.10  U.  S.  currency  per  (long)  ton  of  quartz,  this  payment 
including  the  washing  of  the  gold,  but  not,  so  far  as  I  can  make  out, 
its  cleaning  and  melting. 

It  is  obvious  from  the  above  description,  that  the  total  quantity 
of  stone  crushed  by  all  the  mills  in  the  district,  supposing  them  all 
to  be  going  simultaneously,  and  including  the  foot-mills,  could  not 
exceed  some  12  tons  a  day  at  the  best,  an  amount  that  could  be  far 
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more  economically  a&d  efficiently  handled  in  a  five-stamp  Califor- 
nian  mill  of  moderate  power.  Yet  the  total  annual  output  of  gold 
from  this  district  (including,  however,  alluvial  as  well  as  reef-gold) 
is  said  to  be  4000  taels  (4861  ounces),  fully  .900  fine.  The  total 
number  of  men  engaged  in  mining,  in  one  way  or  another,  is  close 
upon  one  thousand. 

There  is,  of  course,  nothing  for  us  to  learn  from  this  imperfect  and 
rudimentary  gold-extraction  process,  which  is  doubtless  destined  to 
disappear  ere  long,  before  the  progress  of*  scientific  mining,  now 
making  itself  slowly  felt  throughout  the  far  East.  I  think  it  advis- 
able, however,  to  put  on  record  all  such  crude  efibrts,  if  only  to 
enable  us  to  trace  more  completely  the  evolution  of  our  modern  sys- 
tems of  mining,  and  to  teach  us  by  what  widely-divergent  methods 
different  races  of  mankind  have  attempted  to  solve  one,  apparently 
simple,  problem. 


TEH  MANVFACTVRE  OF  LIQUID  SULPHUE0U8  ACID  IN 

UPPER  SILESIA. 

BY  KARL  EILERS,  BERLIN,   GERMANY. 
(Glen  Summit  Meeting,  October,  1891.) 

This  process,  invented  by  Messrs.  Hanisch  and  Schroder,  of 
Bosdzin,  was  patented  in  1883.  It  has  attracted  considerable  atten- 
tion in  Germany,  as  a  very  neat  and  simple  method  of  extracting 
sulphurous  acid  from  the  gases  produced  by  roasting,  and  of  con- 
densing this  acid  so  as  to  obtain  it  in  the  very  compact  anhydrous 
liquid  form. 

The  special  importance  which  such  a  process  may  have  at  this 
time  in  the  United  States  is  suggested  by  the  growing  inconveni-* 
ence,  amounting  to  distress,  experienced  in  such  localities  as  Butte, 
Mont.,  where  the  sulphurous  gases  from  large  roast-plants  have 
proved  not  only  fatal  to  vegetation  but  injurious  to  human  health.  It 
is  reported  that  the  authorities  of  Butte  are  earnestly  considering  the 
enterprise  of  removing,  if  practicable,  the  dense  and  suffocating 
cloud  which  now  hangs  over  that  city,  and  of  which  sulphurous 
acid  undoubtedly  forms  the  greater  and  most  oppressive,  if  not  the 
most  poisonous,  part. 

May  it  not  be  that  the  solution  of  this  problem  is  furnished  by  a 
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process  which  not  only  removes  the  salphurous  acid  from  the 
escaping  gases  of  the  roasting-furnaces,  but  also  delivers  it  in  a 
chemically  pnre  condition  and  compact  merchantable  form  ?  Whether 
it  could^  in  this  form,  be  transported  at  a  profit  to  the  present  locali- 
ties of  those  industries  which  require  it,  is  a  matter  which  need  not 
here  be  investigated.  I  will  only  say,  in  passing,  that  I  have  no 
doubt  there  would  be  ways  found  of  utilizing  this  important  chemi- 
cal if  its  production,  even  without  profit,  were  shown  to  be  the  most 
feasible  escape  for  great  communities  from  a  great  nuisance. 

This  process  rests  .upon  the  followiqg  well-established  chemical 
and  physical  facts : 

1.  Sulphurous  acid  is  absorbed  or  dissolved  by  cold  water ;  and, 
practically,  no  other  element  of  ordinary  roast-gases  is  so  absorbed. 

2.  Like  other  gases  thus  held  in  water  (for  instance,  carbonic  acid), 
it  may  be  disengaged  or  expelled  by  heat  and  by  agitation.  The 
extreme  form  of  agitation,  which  consists  in  atomizing  the  water, 
and  the  degree  of  heat  which  vaporizes  the  water,  effect  an  almost 
complete  separation. 

To  make  these  reactions  economically  available,  it  is  obviously 
requisite  that  the  sulphurous  gases  should  be  first  cooled,  in  order  to 
expose  them  to  the  action  of  cold  water ;  that  the  watery  solution 
thus  formed  should  then  be  heated,  so  as  to  expel  the  pure  sulphur- 
ous acid ;  and  that  the  latter,  escaping  in  the  form  of  gas,  should  be 
liquefied  by  cooling  and  pressure  for  convenient  transportation. 

The  process  as  practiced  in  Upper  Silesia  (in  connection  with  the 
roasting  of  zinc-blende)  presents,  as  will  be  seen,  other  features  of 
detail,  the  purpose  of  which  will  be  obvious.  I  need  only  observe, 
with  regard  to  one  of  these,  namely,  the  use  of  muffles  in  roasting, 
so  as  to  obtain  the  sulphurous  roast-gases  separate  from  the  com- 
bustion-gases of  the  fuel,  that  I  do  not  suppose  it  would  be  abso- 
lutely necessary  in  cases  in  which  muffle-rqasting  would  not  other- 
wise be  deemed  economically  practicable.  Its  purpose  evidently  is 
to  diminish  the  volume  of  the  gases  to  be  treated,  and  thus  the  size 
of  the  necessary  machinery,  the  losses  of  heat,  etc. 

Other  details,  which  appear  to  be  universally  applicable  and  ad- 
vantageous, relate  to  the  economy  of  heat,  and  may  be  so  perfected 
as  to  make  the  initial  heat  of  the  gases  suffice  for  nearly  all  require- 
ments of  the  process.  Of  course  this  economy  is  highly  desirable, 
and  the  devices  by  which  it  48  effected  are  among  the  most  meritori- 
ous original  features  of  the  invention. 

Although  I  have  seen  this  process  in  operation,  I  have  been 

guided  mainly,  in  the  following  description  of  it,  by  published  state- 
voL.  XX.— 22 
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meuts ;  and  the  acoompanying  plate  is  copied  from  the  drawing  filed 
by  the  inventors  with  the  patents.* 

As  already  observed,  it  is  desired  that  the  volume  of  the  gaaes  from 
which  the  SO,  is  to  be  extracted  should  be  as  small  as  possible ;  and 
hence  muffle-furnaces  are  used  for  roasting.  The  type  which  ap- 
pears to  be  most  favored  is  the  Eichhorn-Liebig  furnace^f  >d  which 
the  fuel  is  gasified  in  a  generator,  and  the  fuel-gases  are  burned  with 
pre-heated  air  in  channels  around  the  muffles  in  which  the  ore  is 
roasted.  These  muffles  are  disposed  to  the  number  (in  the  original 
design)  of  six  layers  or  stories  over  one  another.  The  ore,  ground 
very  fine,  is  first  dried  on  the  top  of  the  furnace,  and  is  then  intro- 
duced through  a  hopper  to  the  upper  muffle.  In  this  muffle  it  is 
spread  out,  and  is  raked  over  occasionally  during  the  6  to  8  hours 
which  elapse  before  the  new  charge  is  introduced. 

After  this  period  the  old  charges  are  all  moved  forward  to  make 
room  for  the  new,  and  each  of  them  (except  the  bottom  one)  drops 
through  openings  made  for  the  purpose  to  the  next  lower  muffle. 
From  the  lowest  muffle  the  perfectly  roasted  ore  is  removed,  after 
having  remained  in  the  furnace,  in  all,  some  36  to  48  hours. 

In  practice  it  has  been  found  that  instead  of  the  six-high  niiuffle 
furnaces  only  three-  or  four-high  muffles  were  necessary.  This  may 
be  easily  inferred  from  the  following  table,  which  shows  to  what 
stage  of  perfection  the  roasting  had  arrived  on  each  of  the  four 
muffles  of  such  a  four-muffle  furnace. 

No.  I.,  II.,  III.  were  three  different  zinc-ores  such  as  are  usual  iu 
Upper  Silesia,  and  their  contents  of  sulphur  were  as  follows : 


I. 

II. 

III. 

Raw  zinc-blende 

19.2 

17.6 

12.0 

3.4 

0.6 

26.S 

19.10  -  21.90 

11.20  -  14.30 

1.02  -    L48 

0.35  -    1.02 

26.6 

16.4    -  21.3 
9.9    "  12.4 
075-    1.06 
0.75  -    1.06 

End  of  muffle  1 

End  of  muffle  2 

End  of  muffle  3 

End  of  muffle  4 

*  Imperial  German  Patent,  Class  40,  Noe.  26,181 ;  27,581;  27,608.  For  de- 
scriptions in  technical  literature,  see  Kerpely's  JBi»enhuUe7Uechnik,  1884-85,  p.  386  ; 
also  the  volume  for  1886,  p.  328 ;  and  Bernhard  Kosmann's  OberKhUsieny  tein  Land 
und  seine  Industrie,  p.  202. 

t  See  German  Imperial  Patent,  No.  21,032,  aass  40,  '*  Metallurgy;"  also  a  de- 
scription in  the  Zeittehr,  d.  V.  deuUcher  /n^en.,  1886,  p.  84,  and  an  abstract  of  the 
same  in  Kerpelj^s  EisenhiUtentechnik  for  1886,  vol.  iii.,  p.  326. 
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The  product  of  such  a  furnace  amounts  to  3000  or  3600  kilo- 
grammes (3  to  3^  tons)  per  24  hours,  at  an  expense  of  980  kilo- 
grammes of  coal  (12  to  16  per  cent,  ash),  and  with  an  attendance  of 
two  men  per  12-hour  shift. 

To  produce  ore  that  is  roasted  as  well  as  the  above,  it  is  however 
necessary  that  the  air  entering  the  lowest  muffle  should  be  pre- 
heated. This  is  done  by  making  the  air  for  the  roasting  pass  pre- 
viously through  channels  provided  'for  the  purpose  in  the  furnace 
itself,  before  it  enters  the  lowest  muffle.  From  here  it  passes  up 
through  the  whole  series  of  muffles,  coming  in  contact  with  ore 
richer  and  richer  in  sulphur  as  it  rises/ and  finally  goes  into  the  flue- 
dust  chamber,  where  it  is  found  to  contain  about  5  or  6  per  cent,  by 
volume  of  SOj. 

These  gases  are  now  to  be  freed  from  their  sulphurous  acid ;  but 
since  at  this  point  they  have  a  temperature  of  some  400^  C,  they 
must  first  be  cooled  considerably  for  the  double  purpose  of  reducing 
their  volume  and  of  allowing  the  water  to  absorb  and  hold  the  SO, 
more  easily. 

This  is  done  in  the  apparatus  B  shown  in  Fig.  1,  which  exhibits 
also  the  plan  and  various  sections  of  the  other  apparatus  necessary 
for  the  remainder  of  the  process. 

From  B  the  gases  pass  through  the  pipe  a  to  the  tower  A  which 
is  of  considerable  height  (up  to  35  meters),  and  is  filled  with  coke  or 
checker-work.  They  pass  up  through  this  tower,  and  are  drawn  ofiF 
through  the  pipe  6  by  a  ventilator. 

Before  leaving  this  tower,  however,  they  are  freed  from  the  sul- 
phurous acid  by  water  which  comes  from  sprinklers  at  the  top  and 
trickles  down  through  the  coke,  finally  collecting  in  the  reservoir  C. 

This  is  said  to  absorb  the  SO,  entirely,  leaving  absolutely  free 
from  it  the  gases  which  pass  out  through  6. 

The  tower  and  the  reservoir,  C,  are  placed  together  at  an  elevation 
sufficient  to  make  the  acid-water  flow  of  itself  through  the  whole  of 
the  remaining  apparatus.  In  so  doing,  it  flows  first  into  D.  This 
consists  of  a  series  of  sheets  of  lead,  laid  one  above  the  other,  and 
separated  from  each  other  by  inserting  between  each  two  sheets  of 
lead  bars  of  the  same  material.  The  ends  of  the  sheets  of  lead  are 
then  connected  with  each  other  in  such  a  way  as  to  permit  continu- 
ous passage  for  theacid-wat^r  from  the  coke-tower  through  the  alter- 
nate spaces  1,  3,  5,  7, 9,  etc.,  while  other  water  from  e,  at  a  tempera- 
ture of  100°  C.  flows  through  the  intervening  spaces  2,  4,  6,  8,  etc., 
in  a  direction  contrary  to  that  of  the  water  from  C.    In  this  way  the 
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water  from  e  at  its  hottest  comes  in  contact  with  acid-water  just 
about  to  leave  D,  and  so  already  quite  warm  ;  and  the  water  from  e 
that  i3  just  about  to  leave  D  comes  in  contact  with  the  new  cold  acid- 
water  from  C.  Inasmuch  as  in  this  apparatus  these  two  liquids  are 
separated  only  by  thin  sheets  of  metal,  it  is  possible  here  to  give  to 
the  acid-water  a  temperature  of  about  70°  or  80°  C  This  is,  how- 
ever, not  sufiBcient,  as  it  is  necessary  that  100° 
be  attained,  and  so  from  D  the  water  flows 
back  to  B,  in  which,  as  was  previously  stated 
the  roaster-gases  are  being  cooled. 

B  is  arranged  on  much  the  same  principle 
as  D,  except  that  the  spaces  between  the  sheets 


of  lead  are  here  larger,  and  that  the  lead  plates  ^^ 
at  the  bottom  of  each  water-space  are  supported  | 
by  a  cast-iron  plate. 

In  this  apparatus  it  is  the  roast-gases  that 
give  up  their  heat  to  the  acid-water,  and  this, 
when  t  has  attained  a  temperature  of  100°  C. 
is  drawn  off  through  the  pipe  I  to  the  tower  E, 

This  is  low,  circular  in  shape,  and  provided 
at  the  center  with  a  vertical  lead-covered  iron 
shaft,  on  which  is  fastened  a  series  of  horizon- 
tal disks  that  project  towards  the  walls  of  the 
tower;  while,  on  the  other  hand,  to  the  walls  | 
of  the  tower  are  fastened  horizontal  rings  which 
extend  toward  the  middle  of  the  tower,  and 
project  into  the  spaces  between  the  disks  on  ^ 
the  shaft.  VA 

The  acid-water  on  entering  flows  upon  the 
uppermost  of  the  disks,  which,  in  revolving, 
flings  the  water  to  the  wall.  The  first  ring 
collects  it  again  and  delivers  it  back  upon  the 
second  disk,  which  also  throws  it  against  the 

wall.    The  second  ring  feeds  the  third  disk,  '^'"IUi^pSJSouVacVi?"'^ 
and  so  on  to  the  bottom. 

In  this  way  the  water  is  changed  into  a  sort  of  spray,  and  a  large 
part  of  its  SO,  is  thus  disengaged.  To  remove  the  whole,  super- 
heated steam  is  introduced  at  the  bottom  of  E,  while  the  water  is 
descending ;  and  this,  passing  upwards,  draws  with  it  all  the  sul- 
phurous acid,  and  some  steam  from  the  water.  The  latter  water 
arrives  at  the  bottom  of  the  tower  perfectly  free  from  acid,  but  still 
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at  a  temperature  of  100°  C. ;  and  in  order  that  this  heat  may  not 
be  lost,  the  water  is  used  in  D,  as  before  stated,  to  heat  up  fresh 
acid-water  from  C. 

The  steam  and  the  sulphurous  acid  gas  pass  out  from  the  top  of 
the  tower  through  q  and  enter  a  condenser.  Here  the  steam  is  con- 
densed and  flows  back  to  e,  to  be  there  freed  from  the  relatively  small 
amount  of  SO,  which  it  may  have  taken  up,  or  which  may  have 
been  entangled  with  it  in  condensation.  The  sulphurous  acid  that 
was  not  so  caught  passes  on  through  a  dryer  (at  Hamborn  a  tower 
containing  chloride  of  lime)  and  is  there  drawn  into  a  compressor, 
where  it  is  subjected  to  a  pressure  of  five  atmospheres.  From  here 
it  is  forced  through  a  worm,  which  is  surrounded  by  cold  water  to 
remove  the  heat  of  compression,  and  comes  out  at  the  further  end 
in  liquid  form. 

The  compressor  is  very  much  like  a  two-cylinder  steam-engine,  the 
most  important  point  of  difference  being  that  here  the  cylinder  for 
compression  is  lined  with  phosphor-bronze.  The  reservoir  into  which 
the  liquid  acid  is  forced,  is  however  only  wrought-iron. 

To  be  sent  into  commerce,  the  acid  is  transferred  to  cylindrical 
vessels  of  wrought-iron  of  the  form  shown  in  Fig.  2.  They  have  a 
stopcock  at  the  top  6,  protected  with  a  cap  a. 

If  it  is  desired  by  the  consumer  to  use  the  acid  in  the  form  of  gas, 
the  cylinder  is  set  with  its  axis  vertical,  the  cap  a  is  removed  and 
the  stopcock  is  opened.  The  gas  will  then  flow  till  the  temperature 
inside  the  cylinder  has  fallen  to  — 10°  C,  when  the  gas  will  no  longer 
be  generated  till  the  temperature  has  risen  again. 

To  obtain  the  acid  as  a  liquid,  it  is  necessary  to  lay  the  cylinder 
so  that  its  axis  is  horizontal,  and  the  spout  6  is  directed  upward.  A 
tube  is  then  fastened  to  6  and  the  stopcock  is  opened.  As  the  pipe 
on  the  inside  is  bent  close  against  the  wall  of  the  cylinder,  it  is  pos- 
sible to  obtain  nearly  the  whole  of  the  sulphurous  acid  in  the  liquid 
form. 

The  pressure  on  the  inside  of  these  cylinders  is  0  at  — 10°  C,  but 
at  40°  C.  (the  temperature  out  in  the  sun  in  summer)  it  amounts  to 
6.15  atmospheres. 
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TANDEM  TANKS  FOB  HOISTING  WATER  FBOM 

FLOODED  SLOPES. 

BY  J.  H.    BOWDEN,  WILKE8-BABRE,   PA. 
(Glen  Summit  Meeting,  October,  1891.) 

The  water-hoisting  tanks  herewith  illustrated  have  been  designed 
for  removing  large  quantities  of  water  from  recently-flooded  mines^ 
through  their  hoisting-slopes,  with  rapidity  proportional  to  the 
capabilities  of  the  hoisting  machinery  available,  the  tanks  being 
adaptable  to  slopes  of  small  sectional  areas  and  varying  pitches. 

The  following  features  may  be  of  interest  to  those  operating  mines 
liable  to  be  flooded. 

1.  The  arrangement  of  doors  on  each  tank  by  which  it  may  be 
automatically  filled  by  immersion  at  any  point  on  the  varying  pitch 
of  a  slope,  the  water  being  retained  while  hoisting  on  the  flat  as  well 
as  on  the  steep  pitches,  and  quickly  and  automatically  discharged  at 
the  top. 

2.  The  arrangement,  in  connection  with  the  above-mentioned 
doors,  of  side-wheels  over  the  rear  wheels  of  each  tank  and  of  side- 
dumping  tracks  at  the  top  of  the  hoist,  for  the  automatic  emptying 
and  quick  return  of  the  tank. 

3.  The  arrangement  of  two  or  more  tanks,  one  in  front  of  the 
other,  so  as  to  give  as  large  a  capacity  in  a  single  hoist  as  the  engine- 
power  will  permit,  yet  without  making  any  tank  too  large  for  the 
sectional  area  of  the  slope,  or  of  un  wieldly  length,  or  of  such  a  shape 
that  it  cannot  easily  pass  over  vertical  curves ;  and  without  concen- 
trating too  much  weight  on  any  one  pair  of  wheels  or  on  any  point 
of  the  track. 

The  details  of  construction  and  method  of  operating  are  shown  by 
the  accompanying  sketches  (Figs.  1  and  2),  and  the  following  more 
detailed  description. 

At  the  end  of  each  tank  is  a  large  iron  door  of  almost  the  full  size 
of  the  end  of  the  tank,  opening  inwards,  so  that  when  immersed  the 
tanks  fill  almost  instantly.  To  provide  for  holding  the  water  while 
it  is  hoisted  up  flat  pitches,  a  wooden  door  is  attached  to  the  front 
of  each  tank,  opening  outward.     Each  front  door  is  attached  to  the 
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door  at  the  back  by  an  iron  rod,  provided  with  a  sliding  link,  so 
that  the  back  door  can  open  independently  of  the  front ;  bat  the 
latter  is  held  closed  as  long  as  the  rear  door  in  closed.  This  con- 
necting-rod, as  shown  in  Fig.  2,  passes  through  the  front  door 
and  through  a  spiral  spring  in  front  of  it,  so  that  the  amount 
of  pressure  necessary  to  keep  the  water  from  leaking  out  may  be 
readily  applied. 

The  tanks  are  mounted  on  self-oiling  closed  wheels,  so  arranged 
as  to  exclude  water  from  the  bearings  while  the  tanks  are  immersed, 
and  to  retain  the  lubricant. 

Each  tank  is  provided  also  with  side-wheels,  vertically  over  the 
rear  axle,  which  have  a  gauge  sufiSciently  wide  to  clear  all  other 
portions  of  the  tank;  and  on  the  surface  an  elevated  track  is  pro- 
vided, upon  which  these  dumping- wheels  run  and  thus  raise  the  rear 
end  of  each  tank  as  much  as  may  be  necessary  to  duiop  the  water 
into  a  trough  between  the  tracks ;  the  tilting  forward  of  the  tanks 
opening  the  back  door  and  releasing  the  front  one.  The  tanks 
while  emptying  rest  on  their  forward  wheels  and  on  the  dumping- 
wheels.  By  having  the  tracks  at  the  surface  slightly  up-grade,  the 
tanks  will  run  back  when  empty,  as  soon  as  the  rope  is  slackened. 
To  allow  dumping,  the  hoisting-rope  is  attached  to  the  tanks  by 
a  yoke  reaching  back  on  the  sides  and  pivoting  on  the  axle  of 
the  dumping-wheels,  the  tanks  back  of  the  first  one  being  attached 
by  eye-bars  reaching  from  axle  to  axle  of  the  dumping-wheels  on 
the  tanks.  A  stop  is  provided,  to  prevent  the  yoke  on  the  forward 
tank  from  dropping  and  catching  in  the  track  when  the  rope  is 
slackened. 

This  plan  of  '*  tandem  tanks "  was  designed  and  used  to  hoist 
about  25,000,000  gallons  of  water  which  had  been  admitted  to  ex- 
tinguish a  mine-fire  in  one  of  the  Susquehanna  Coal  Company's 
mines.  The  slope  was  small  in  section,  and  3200  feet  long,  with 
single  track,  and  with  pitches  varying  from  4  to  20  degrees.  The 
hoisting-plant  consisted  of  a  pair  of  26  inches  by  60  inches  direct- 
acting  engines  with  cast  coned  drum,  9  to  1 2  feet  in  diameter,  carrying 
l|-inch  steel  rope.  These  engines  had  been  previously  hoisting  five 
cars,  weighing  about  4  tons  each  when  loaded. 
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STEEL  PLATES  DUBINO  THE  PB0CE88  OF 

FINISHING. 

BT  ORAM    CUBTIS,   PimSBURGH,  PA. 

(Olen  Sammit  Meeting,  October,  1891.) 

The  apparatus  described  below  for  the  handling  of  plates  upon 
their  delivery  from  the  rolls,  embodies  features  believed  to  be  of  in- 
terest to  those  contemplating  the  building  of  new  plate-mills,  and 
also  to  such  owners  of  existing  mills  as  may  be  considering  the  im- 
provement of  their  works. 

The  points  to  which  attention  is  called  are  the  small  space  required 
for  the  finishing-end  of  the  mill,  and  consequently  the  very  moder- 
ate size  of  the  building  for  the  amount  of  plates  handled ;  the  direct- 
ness and  ease  of  manipulation,  and  therefore  the  small  amount  of 
labor  required ;  the  distribution  of  plates;  the  facilities  and  time 
allowed  for  their  cooling.  These,  together  with  other  features 
of  detail  and  general  arrangement  scarcely  less  important,  will  be- 
come apparent  when  the  descriptions  and  illustrations  herewith  given 
are  understood. 

As  these  devices  deal  with  the  finishing  of  the  plates  only,  they 
may  be  added  to  any  plate-train  when  the  floor-space  and  the  build- 
ing are  large  enough  to  permit  their  introduction;  and  it  wjll  be 
obvious  that  the  features  of  this  method,  more  or  less  modified,  are 
applicable  to  any  existing  mill.  Figs.  1  and  2  show  a  three-high 
32-  and  19-  by  120-inch  Lauth  mill,  with  hydraulic  lifting-tables, 
served  by  four  heating-furnaces,  with  hydraulic  cranes  for  charging 
and  drawing. 

Upon  leaving  the  rolls,  the  plate  is  allowed  to  rest  with  its  for- 
ward  edge  projecting  somewhat  beyond  the  end  of  the  catcher's 
table.  Here  it  is  seized  by  the  automatic  tongs.  A,  suspended  from 
a  buggy  travelling  in  the  overhead  trough,  J5,  and  actuated  by  the 
hydraulic  cylinder,  C.  These  tongs  are  operated  by  a  boy,  who 
stands  several  feet  from  the  heated  plate,  and  controls  the  long  light 
handle,  2),  shown  in  the  plan.  Fig.  1.'  His  duty  is  merely  to  ad- 
vance the  tongs  by  means  of  the  hydrauliceylindei;,  C,  to  raise  or 
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lower  them  by  the  handle,  so  that  their  jaws  oome  on  a  level  with 
the  edge  of  the  plate^  and^  when  they  have  taken  hold^  to  reverse  the 
valve,  and  thereby  draw  the^plate  over  the  straightening-table.  The 
construction  of  the  tongs  is  such  that  they  open  by  advancing  upon 
the  plate  and  close  upon  being  withdrawn.  The  stronger  the  pull 
the  tighter  tlieir  hold.  They  have  a  vertical  motion  of  over  24 
inches,  and  are  balanced  so  that  their  elevation  or  depression  involves 
no  effort.  They  are  also  readily  reversed,  so  that  the  plate  may  be 
seized  by  the  other  end  and  drawn  towards  the  rolls  should  occasion 
require  it.  When  the  plate  has  reached  its  proper  position  on  the 
straightening-table  it  is  stopped ;  the  tongs  are  caused  to  advance 
upon  the  plate,  whereby  their  grip  is  released,  and  they  are  easily 
thrown  off  by  means  of  the  long  handle. 

The  straightening-table,  some  63  feet  in  length,  is  composed  of 
heavy-section  railroad-bars,  placed  about  12  inches  apart  and  rest- 
ing on  heavy  castings,  which  are  bolted  down  upon  solid  founda- 
tions. The  inner  ends  of  these  rails  are  firmly  secured  to  the  cast- 
ings, while  their  outer  ebds,  though  held  in  place,  are  free  to  expand, 
and  the  supporting  castings  are  placed  so  wide  apart  that  they  receive 
but  little  of  the  beat  radiated  from  the  plate.  This  manner  of  carry- 
ing the  plate  permits  a  free  circulation  of  air  all  around  it.  The 
cooling-process  may  be  still  further  favored,  and  much  radiation 
from  the  floor  beneath  may  be  cut  off  by  covering  this  floor  with  a 
few  inches  of  water,  for  which  purpose  it  is  depressed  and  paved. 

From  the  arrangement  and  positionof  the  drag-out,  just  explained, 
in  relation  to  the  straightening-table,  it  is  evident  that  plates  even 
up  to  63  feet  in  length  can  be  handled  with  the  greatest  ease.  The 
boy  conveys  the  plate  to  its  proper  position  on  the  table,  and  here  it 
lies,. after  receiving  the  straightening  required,  until  its  place  is  needed 
iox  a  succeeding  plate.  It  is  then  transferred  laterally  to  the  cool- 
ing-bed This  bed,  formed  by  the  extension  of  certain  rails  of  the 
straighteuing-table,  is  composed  of  three  separate  elementary  beds. 
The  transfer  of  the  plate  is  effected  by  endless  chains, — two  to  each 
bed, — ^furnisl^ed  with  heavy  conveyiug-blocks.  These  blocks  ride 
upon  the  rails  and  carry  the  plate  with  them.  The  spaces  or  divi- 
sions of  the  chain  are,  of  coarse,  sufficient  to  receive  the  widest  plates 
that  are  rolled  on  thie  train.  By  a  simple  arrangement  of  levers  and 
clutches  (not  easily  shown  on  sa  small  a  scale),  the  three  beds,  at  a 
moment's  notice,.can  be  made  to  work  as  one  large  bed,  or  the  middle 
bed  may  be  split  in  two,  each  half  acting  with  the  adjacent  elemen- 
tary bed^  thu3  forming  twd  beds  of  eq^iial^  sizs;.    Or  the  middle  bed 
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may  be  made  to  act  in  unison  with  either  one  of  the  side  beds,  form- 
ing two  beds,  but  of  unequal  size.  These  combinations,  it  will  be 
readily  seen,  adapt  the  cooling-bed  to  the  different  lengths  of  plates. 
For  instance,  in  rolling  plates  of  20  feet  or  under,  the  three  beds  are 
used ;  for  plates  from  20  to  30  feet  in  length,  two  beds ;  and  for 
plates  from  40  to  63  feet,  one  bed  would  be  used.  When  a  plate  30 
to  40  feet  in  length  is  rolled  in  a  run  of  smaller  plates,  it  is  placed 
on  the  table  so  as  to  cover  the  middle  bed  and  one  of  the  side  beds, 
and  these  two  beds  are  then  worked  in  unison  until  this  plate  is  de- 
livered. The  straightening-table  and  cooling-beds  will  accommo- 
date fifteen  20-foot  plates ;  hence,  if  we  require  five  minutes  for  the 
rolling  of  a  plate  of  this  length,  we  will  have  one  hour  and  a  quarter 
as  the  time  which  may  be  allowed  for  cooling.  This  time,  of  course, 
would  be  diminished  in  handling  longer  plates.  But  the  cooling 
could  be  gently  hastened  by  the  introduction  of  a  series  of  air-blasts, 
from  a  fan,  beneath  the  plates,  as  they  lie  upon  the  bed. 

As  space  on  the  table  becomes  needed  for  a  new  plate,  those  under- 
going cooling  upon  one  or  more  of  the  beds — according  to  the  length 
of  the  new  plate — ^are  advanced  one  division  of  the  chain,  thus 
clearing  that  part  of  the  table  and  furnishing  the  room  required. 

These  beds  require  the  services  of  but  two  men,  who,  by  means  of 
the  levers  referred  to  above,  arrange  the  clutches  actuating  the  chain- 
wheels,  Q,  and  operate  the  hydraulic  cylinder,  Ey  under  the  floor, 
which  furnishes  the  power  for  moving  the  plates.  The  same  two 
men,  by  an  arrangement  about  to  be  described,  also  turn  the  plate 
over  and  trim  its  two  longer  edges. 

The  cooling- bed  is  very  low,  being  17  inches  above  the  floor  at 
the  straightening-table,  and  rising  at  its  delivery-end  to  30  inches, — 
a  very  convenient  height  for  the  laying-out  of  plates.  But  the 
manner  in  which  they  are  here  handled  and  carried  before  the 
slitting-shear  does  away  with  much  of  the  laying-out  that  is  ordi- 
narily required. 

On  its  delivery  from  the  cooling-bed  (which  is  accomplished  by 
merely  advancing  the  chains),  the  plate  passes  upon  the  buggies, 
Ff  F,  These  buggies  receive  the  plate,  each  on  a  single  Hue  of 
rollers ;  and  to  facilitate  its  motion  away  from  the  bed,  these  rollers 
have  a  pitch  of  about  2  inches  to  4  feet.  When  the  plate  is  well 
upon  the  buggies,  the  men  in  charge  step  between  it  and  the  bed.  One 
at  each  buggy  sets  the  gauge  which  determines  the  width  to  which  the 
plate  shall  be  sheared, and  presses  a  handle,  which  releases  a  catch,  and 
permits  the  inner  end  of  the  line  of  rollers  to  drop  until  the  incline  is 
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2  inches  to  4  feet  in  the  other  direction.  The  plate,  thus  assisted  by 
gravity,  is  then  rolled  against  the  gaages  by  a  very  slight  effort  on 
the  part  of  the  men.  In  this  position  it  is  securely  clamped,  and  by 
means  of  another  underground  hydraulic" cylinder,  G,  and  a  wire- 
rope  upon  which  the  buggies  have  a  movable  grip,  the  plate  is  fed 
to  the  slitting-shear,  iT",  and  is  there  cut  by  one  of  these  men.  The 
movable  grip  permits  the  buggies  to  be  readily  disengaged  from  the 
rope,  and  placed  to  suit  the  length  of  the  plate  to  be  handled.  A 
carrier  or  temporary  buggy  is  set  between  the  regular  buggies  when 
an  extremely  long  plate  is  to  be  sheared. 

As  the  buggies  travel  upon  a  V-shaped  rail,  the  plate  is  run  before 
the  shear  with  great  exactness,  and  a  true  cut  is  the  result.  After 
the  cut  has  been  made,  the  plate  is  brought  back  to  the  entering  side 
of  the  shear.     Here,  by  means  of  the  suspended  tongs,  /  /,  and  the 
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hydraulic  cylinder,  /,  it  is  turned  over,  and,  after  proper  adjustment 
against  the  stops,  it  is  clamped,  and  again  run  before  the  shear. 

As  all  the  heavy  motions  are  performed  by  power  or  by  the  aid  of 
gravity,  the  two  men  referred  to  can  handle  with  ease  plates  weighing 
3  tons  or  even  more,  furnishing  all  the  labor  necessary  to  pass  them 
through  the  slitting-shear,  trimming  their  long  edge6,and  deliver  them 
upon  the  castor-rollers  for  the  guillotine-shear,  K,  Here  another  gang 
takes  them,  cuts  them  to  the  lengths  required  on  this  shear,  or  shapes 
them  by  the  trimming-shear,  L. 

The  cranes,  if  and  iV,  are  for  the  convenient  handling  of  heavy 
plates,  for  storing,  etc.  O  is  a  crane  reaching  outside  of  the  building 
for  shipping,  and  P  is  the- scrap-shear. 

The  comparative  size  of  the  Homestead  plate-mill  of  Messrs.  Car- 
negie, Phipps  &  Co.,  and  the  mill  designed  for  about  the  same  ca- 
pacity on  the  plan  here  described,  is  shown  in  Fig.  3. 
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As  a  summary  of  the  priDcipal  advantages  claimed  in  the  arrange- 
ment thus  described,  I  may  mention : 

1.  The  moderate  first  cost  (considering  the  output)  arising  from 
the  small  ground-space  and  the  small  building  necessary,  and  from 
the  cheap  though  durable  nature  of  the  machinery  employed. 

2.  The  economy  of  operation,  due  to  the  convenience  of  handling 
and  the  small  amount  of  labor  required. 

3.  The  ease  with  which  many,  if  not  all  the  devices  described, 
may  be  applied  to  existing  mills. 

In  this  connection  it  should  be  added  that,  although  hydraulic 
power  has  been  shown  in  the  illustrations  here  given,  the  whole 
apparatus  has  also  been  worked  out  30  as  to  be  operated  by  a  steam- 
engine. 


TEE  HANDLING  OF  IN00T8  AND  MOULDS  IN  BE88EMEB 

STEEIrWOBKS, 

BY  ORAM  CURTIS,  PnTSBURGH,  PA. 

(Glen  Summit  Meeting.  October,  1891.) 

The  keen  and  close  competition  now  ruling  in  the  iron  and  steel 
manufacture  requires  imperatively,  in  the  design  and  construction  of 
the  machinery  employed,  the  fulfilment  in  the  highest  practicable 
degree  of  two  cardinal  conditions :  economy  of  labor  in  operation, 
and  durability.  The  daily  pay-roll  and  the  cost  of  repairs  far  out- 
weigh in  importance  the  interest  on  the  first  cost  of  this  part  of  the 
plant. 

It  is  believed  that  the  apparatus  here  described  will  be  found  to 
embody,  in  these  respects,  a  substantial  improvement  upon  the  pre- 
sent manner  of  handling  ingots  and  moulds  at  our  large  steel-works. 
Although  it  includes  a  number  of  novel  features,  it  consists  essen- 
tially in  the  choice  and  grouping  of  certain  approved  economical 
devices  specially  suited  to  the  particular  service  required: 

Fig.  1  is  a  plan,  and  Figs.  2  and  3  are  elevations  of  parts  of  a 
Bessemer  converting-house,  together  with  a  small  portion  of  the 
blooming-mill — sufiBcient  to  illustrate  clearly  the  meahs  and  manner 
of  handling  the  ingots  and  moulds. 

A  short  cable-road  of  simple  form,  somewhat  similar  to  those  used 
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in  nearly  all  large  cities,  is  laid  on  the  floor  of  the  converting-house, 
within  the  orbit  of  the  ingot-cranes.  The  two  tracks  of  this  road 
converge  into  one  just  before  reaching  the  ingot-extractor.  The 
movements. upon  these  tracks  of  the  cars  carrying  the  moulds  and 
their  enclosed  ingots,  and  also  the  action  of  the  stripper,  which  forces 
the  ingot  free,  are  under  the  perfect  control  of  one  operator,  stationed 
on  an  elevated  platform  adjacent  to  the  last-named  machine.  After 
passing  through  the  stripper  the  car  is  halted  in  the  position  shown 
in  Fig.  3,  where  the  (now  loosened)  hot  mould  is  lifted  off  and  con- 
veyed to  a  cooling-seat  by  the  mould-crane,  which,  on  its  return- 
trip  to  the  car,  picks  up  a  cold  mould,  replacing  therewith  the  one 
just  removed. 

The  mould- crane  is  operated  by  a  boy,  standing  on  the  platform 
which  it  carrJes,  and  from  this  point  not  only  the  hooks,  which 
engage  the  mould,  are  handled,  but  all  the  motions — the  rack,  the 
lift,  and  the  swing — of  the  crane  are  controlled. 

While  the  removal  of  the  hot  moulds  is  in  progress  the  traveller, 
or  overhead  buggy,  is  engaged  in  conveying  the  stripped  ingots  to 
the  furnace  and  placing  them  in  the  pits;  also  in  drawing  the  heated 
ingots  and  placing  them  on  the  tipping-seat,  whence  they  are  deliv- 
ered to  the  blooming-train.  This  buggy  is,  in  fact,  a  light,  quick- 
working,  travelling  crane;  it  is  actuated  by  wire  rope,  and  is  capable 
of  all  the  motions  necessary  for  thorough  handling.  Besides  the  lift, 
longitudinal  travel,  and  a  side-movement  by  which  it  completely 
covers  the  furnat^-pits,  it  has  power  to  seize  or  release  the  ingot  and 
also  to  revolve  the  tongs  through  an  arc  of  180°.  The  whole  is  un- 
der the  control  of  a  man  seated  upon  a  platform  suspended  from  the 
buggy-frame;  and,  by  bringing  the  handles  to  the  furnace-cover 
valves  within  his  reach — through  a  simple  bell-crank  and  a  couple 
of  rods — the  same  man  is  enabled  to  open  and  close  the  furnace-pits 
during  his  operations  of  charging  and  drawing.  In  order  to  enable 
him  also  to  manipulate  the  covers  while  the  car  is  yet  in  motion,  ap- 
proaching or  receding  from  its  position  directly  over  the  pit,  the  valve- 
handles  are  made  horizontal  bars,  some  6  feet  long,  making  the  valve 
accessible  during  that  length  of  travel.  This  arrangement  utilizes 
the  time  expended  in  the  stopping  and  starting  of  the  buggy. 

As  the  ingot-extractor  (Figs.  4,  6,  6,  and  7)  forms  a  sort  of  center 

or  nucleus  of  the  system,  and  also  possesses  some  novel  characteristics, 

it  deserves  a  description,  somewhat  in  detail,  of  its  construction  and 

operation.     It  is  of  the  vertical  type,  and  consists  of  two  hydraulic 

cylinders  connected  by  heavy  steel  bars,  as  shown  in  Fig.  4.     The 
VOL.  XX.— 23 


354  HANDLING  OF  INGOTS  AND  HOULDS. 

ram  of  the  smaller  cylinder,  placed  above,  works  downward,  and 
has  a  Btroke  of  3  feet  9  ioches.     The  lai^r  cyliDder,  30  inches  in 
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diameter,  with  a  stroke  of  11  inches,  is  in  a  pit  bridged  by  the  rails 
and  covered  with  floor-plates.  The  car  from  the  casting-pit  is 
stopped  with  the  first  ingot  directly  under  the  upper  cylinder,  the 
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ram  of  which  is  then  caused  to  descend,  by  exhausting  the  water-pres- 
sure from  below  it,  until  it  rests  upon  the  ingot.  During  the  de- 
scent water  (not  under  pressure)  flows  in  above  through  the  balanced 
check-valve  shown,  and  becomes  imprisoned  by  that  valve  the  instant 
the  ram  ceases  to  move.  The  lower  cylinder— capable  of  lifting 
some  280,000  pounds — is  now  put  in  operation,  and  the  movable 
seat  which  carries  the  mould,  but  not  the  ingot,  is  lifted,  forcing  the 
mould  from  the  ingot,  which  quietly  drops  upon  the  seat,  where  it 
remains  after  the  mould  has  been  lifted  off  by  the  crane.  This  is 
more  clearly  shown  in  Fig.  7.  In  its  trip  back  to  the  converting- 
house  the  car  runs  upon  its  proper  track  automatically,  without  any 
attention  from  the  workmen. 

In  the  mode  of  handling  which  I  have  described,  much  of  the 
arduous  labor  ordinarily  performed  at  the  pit  vanishes,  and  this 
point  ceases  to  be  a  throttle  upon  the  output  of  the  plant.  Much  of 
the  heat  is  carried  to  a  point  where  it  can  be  more  easily  dealt  with, 
where  the  hot  moulds  and  ingots  can  at  least  be  handled  from  behind 
screens  and  at  a  distance. 

By  the  plan  of  mould-shed  shown,  a  whole  storehouse  of  moulds 
may  be  conveniently  kept  within  immediate  reach,  and  this  without 
the  aid  of  a  locomotive  and  mould-cars,  thus  saving  the  yard-room 
needed  for  the  requisite  tracks  and  switches.  The  large  number  of 
moulds  at  command  permits  time  for  slow  cooling  by  the  draft  which 
their  high  temperature  naturally  creates,  an  item  which,  in  combina- 
tion with  the  powerful  extractor,  will  contribute  in  no  small  degree 
to  the  material  prolongation  of  their  term  of  service.  To  facilitate 
the  circulation  of  air  in  and  around  them  and  to  permit  their  ready 
inspection  and  repair  (by  the  cementing  of  cracks  and  defects),  the 
moulds  may  be  placed  on  open  seats  supported  on  posts,  and  arranged 
over  a  circular  pit  some  4  feet  deep. 

The  simplicity  and  directness  of  all  the  motions  given  to  the  moulds 
and  ingots  during  their  manipulation ;  the  attachment  of  the  ex- 
tractor, with  its  enormous  lifting- force,  to  the  regular  pressure-system 
direct,  without  the  intervention  of  an  auxiliary  pump ;  the  promptness 
of  its  operation,  and  the  small  quantity  of  water  it  requires;  the 
readiness  with  which  the  mould-cars  may  be  detached  from  the  cable 
and  te;nporarily  handled  by  the  narrow-gauge  yard-locomotive  in  case 
of  accident  to  the  drag-out  rig,  etc.,  are  features  of  the  apparatus  to 
which  particular  attention  is  invited.  Instances  of  long  and  success- 
ful service  of  the  different  devices  here  combined  are  too  common  to 
require  special  mention.     I  will  therefore  content  myself  with  pre- 
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senting,  as  the  best  data  for  criticism  and  comparison  with  present 
practice,  the  statements  tabulated  below  concerning  the  number  and 
duties  of  the  workmen  required  for  the  operation  of  the  apparatus 
described. 

Men  Required  f(yr  the  Handling  {i.e.,  the  Setting  of  Moulds  in  Pity 
Stripping y  Heating y  and  Delivering  to  Blooming-Train)  of  420 
Ingots  {Equivalent  to  over  840  Tons  of  Steel)  in  Twenty-four 
Hours. 

1  man  setting  moulds  in  pit. 

2  pulpit-boys — 1  to  each  ingot- crane. 

N.  B. — These  cranes  lift,  rack,  and  swing  from  the  pulpit 
4  men  to  hook  moulds  at  pit,  guide  them  to  seat  in  cars,  etc. — 2  men 

to  each  ingot-crane. 
1  man  at  ingot-etripper,  handling  cars  and  stripping  ingots. 
1  man  on  mould-crane,  lifting  off  hot  moulds  and  replacing  them  with 

cold. 

1  man  on  traveller,  conveying  ingots  from  car  to  furnaces ;  also  from 

furnaces  to  blooming-train. 

2  heaters — I  on  each  furnace. 

2  heaters'  helpers — 1  on  each  furnace. 
4  bottom-makers — 2  on  each  furnace. 
1  man  at  tipping-seat. 
1  man  at  engine. 

Making  a  total  of  18  men  and  2  boys  per  turn,  and  dispensing  with  the  customary 
locomotive,  its  driver,  and  switchman. 

This  is  believed  to  be  considerably  less  labor  than  that  required 
for  the  same  purpose  at  any  existing  plant  yielding  the  same  output. 
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BY    KARL    EILERS,   BERLIN,   GERMANY. 

(Glen  Summit  Meeting,  October,  1891.) 

During  my  stay  of  two  years  in  this  country,  I  have  heard  of  only 
four  electric  mine-locomotive  plants,  of  which  three  were  built  by  the 
firm  of  Siemens  &  Halske,  and  the  fourth  by  the  AUgemeine  Elektrid- 
tdtsgesellschafty  both  of  Berlin. 

The  earliest  of  these  was  established  in  1882  in  the  royal  coal- 
mines at  Zaukeroda,  Saxony.  In  1883,  the  Consolidated  Paulus 
and  Hohenzollern  colliery  at  Beuthen  put  in  a  plant;  and  in  the 
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beginning  of  1884  the  plant  at  New  Stassfurt  was  got  into  running 
order.     These  three  are  the  installation  of  Siemens  &  Halske. 

The  Allgemeine  EleldrioiidtsgeseUschaft  has  built  thus  far  only 
one  plant  for  mining  purposes,  and  that  was  solely  an  experimental 
one,  established  in  the  fall  of  1890  at  the  coal-mine  Richterschacht 
I.  of  the  Vereinigte  Konigs-  and  Laura-hiitte,  in  Upper  Silesia. 

Of  the  installation  at  the  Hohenzollern  mine,  which  will,  per- 
haps, serve  best  as  a  type  of  those  built  by  Siemens  and  Halske, 
I  am  able  through  the  kindness  of  Inspector  Kraski,  in  Beuthen, 
to  present  some  sketches.  At  this  mine  there  are  at  present  two 
lines  on  which  electric  locomotives  run.  Each  has  its  own  loco- 
motive, and  each  locomotive  has  had,  till  recently,  its  special  dynamo 
above  ground ;  but  both'  dynamos  were  run  by  the  same  steam- 
engine. 

This  engine  was  not  originally  designed  for  the  purpose  of  run- 
ning dynamos,  having  served  in  its  early  days  to  operate  a  Cornish 
pump,  in  which  work  it  developed  120  horse- power.  Now  it  fur- 
nishes electricity  to  run  the  two  electric  locomotives  (together  43 
horse-power)  and  yields,  besides,  36  horse- power  to  an  endless  chain, 
also  run  by  electricity  in  the  same  mine,  thus  attaining  to  only 
about  two-thirds  of  its  normal  power.  Before  the  end  of  this  year, 
however,  the  company  expects  to  have  arranged  its  locomotive-sys- 
tem and  the  endless  chain  so  that  the  full  power  of  the  engine  can 
be  used.  This  it  will  accomplish  by  making  the  trains  run  in  a 
continuous  circuit,  instead  of  running  shuttle-trains,  as  is  now 
done. 

From  this  engine  the  power  was  transmitted  to  the  dynamos  by 
means  of  belting,  so  that  the  armatures  made  about  800  revolutions 
per  minute. 

As  already  observed,  there  were,  till  recently,  two  of  these  dy- 
namos, each  having  about  23  horse-power  and  being  of  that  type  of 
Siemens  &  Halske  known  as  D„,  They  were  compound-wound, 
and  the  armatures  were  on  the  principle  of  Hefner-Alteneck.  The 
brushes  were  lamellee  of  copper,  which  had  to  collect  a  current  of 
34  amperes  at  320  volts. 

These  dynamos  the  company  has  now  replaced  with  two  others  of 
a  newer  type  (^H19)  of  60  horse-power  each,  and  yielding  140 
amperes  at  300  volts.  Only  one  of  these  is  kept  in  use ;  the  other 
being  held  in  reserve. 

At  present,  the  current  is  transmitted  through  the  shaft  by  two 
cables   for  each  locomotive.      These  consist  of  a  core  of  rubber 
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with  19  copper  wires  tinned  and  wound  with  impregnated  hemp, 
the  whole  being  protected  by  13  pieces  of  galvanized  iron  wire,  2^ 
mm.  thick.  It  is  cable  No.  43:^3  of  Felten  and  Guilleaume,  in 
Cologne. 

This  cable  is  fastened  to  the  shafl-wall  with  iron  hooks,  imme- 
diate contact  between  cable  and  hook  being  prevented  by  surround- 
ing the  former  at  the  point  of  support  with  a  layer  of  wood  or 
asbestos.  In  this  way  the  loss  of  electricity  is  reduced  to  a  mini- 
mum ;  whereas,  formerly,  when  they  used  a  different  cable,  with 
lead  covering  which  was  in  immediate  contact  with  the  iron  hootc, 
great  loss  of  current  was  caused  by  the  destruction  of  the  lead 
covering  at  the  points  of  support,  followed  by  destruction  of  the  in- 
sulation also. 

The  cables,  230  meters  long,  carry  the  current  to  the  x-iions  that 
serve  as  contact-rrails.  From  these  it  is  transmitted  to  the  motor  by 
a  Kontaktschlitten  (contact-sled),  &s  the  Germans  call  that  piece  of 
apparatus  which  is  in  sliding  contact  with  the  X-rail,  and  connected 
with  the  locomotive  by  a  short  piece  of  cable.  In  the  section  of  the 
KontaktschlUten,  Fig.  1,  the  j,-iron  is  shown,  and  in  Fig.  3  the  two 
contact-rails  are  shown  with  their  supports  above  the  locomotive. 

The  supports  for  the  X-irons  are  placed  at  intervals  of  four  meters. 
They  consist  of  tinned  cast-iron  frames,  having  on  the  lower  side 
two  cup-shaped  openings.  Into  these  openings  project  the  iron 
bolts  to  which  the  X'^^^^^  ^^^  immediately  fastened ;  but  the  two 
pieces  of  metal  (the  cast-iron  frame  and  the  bolt)  are  separated  from 
each  other  by  a  cup-shaped  piece  of  rubber,  inside  and  outside  of 
which  sulphur  has  been  cast,  so  that  the  bolt  is  held  rigidly  in  posi- 
tion, and  is  at  the  same  time  completely  insulated  from  the  cast-iron 
frame.  The  frames  themselves  are  fastened  to  the  roof  of  the  gang- 
way by  iron  bolts.  A  hole  is  drilled  into  the  rock ;  into  this  is 
driven  a  wedge  of  wood,  and  into  the  wood  is  screwed  directly  the 
iron  bolt.  Or,  if  the  gangway  happens  to  be  timbered  at  a  conve- 
nient point,  the  iron  bolt  is  fastened  directly  to  the  roof-timber. 

The  single  lengths  of  X-iron  are  fastened  together  with  plates  bolted 
and  soldered  to  the  ends  to  be  joined. 

The  oon.struction  of  the  contact-sled  is  shown  in  Fig.  1.  It  con- 
sists of  a  frame  of  iron  which  supports  the  two  brass  castings  at  a, 
6,  and  d,  c.  These  fit  over  the  X-iron  (see  the  section  on  a,  6)  and 
the  projecting  pieces  of  the  upper  part  are  drawn  against  the  top  of 
the  rail  by  six  steel  springs,  6,  which  press  against  the  under  side  of 
the  X-fail  in  such  a  way  that  through  the  contact  of  the  brass  above 
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and  these  springs  below,  the  current  is  easily  conducted  from  the 
rail. 

When  the  '*  sled  "  was  first  introduced,  an  attempt  was  made  to 
lessen  its  friction  by  providing  on  the  frame  oil-boxes,  which  were 
to  keep  the  contact-rail  well  lubricated.  It  was  found,  however, 
that  the  oil  oxidized  very  rapidly,  and  then  the  1-rails  soon  became, 
contrary  to  all  desires,  excellently  insulated.  The  contact-sleds  are 
therefore  now  made  without  oiling  arrangements.  , 

From  the  middle  of  each  of  the  sleds  a  hemp  rope  runs  down  to 
the  locomotive.  Its  purpose  is  to  drag  the  sled  while  serving  also  as 
a  center  about  which  the  conducting  cables  are  wound,  loosely,  so  as 
to  be  relieved  from  all  strain. 

Of  the  locomotives  actually  in  use,  I  have  not  been  able  to  obtain 
drawings.  But  Inspector  Kraski  has  kindly  furnished  me  with  a 
drawing  (Figs.  2  and  3)  of  a  locomotive,  designed  at  the  Hohenzol- 
lern  mine  after  several  years  of  experience  with  the  original  Siemens 
&  Halske  machine.  The  Berlin  firm  was  not  willing  to*  construct 
a  locomotive  on  this  plan  exactly,  but  sent  new  locomotives,  which 
differ  from  this  design  only  in  having  lower  driving-wheels,  and  in 
not  having  a  brake  on  the  armature-shaft  at  o.  In  the  drawing  is 
shown,  at  each  end,  the  seat  for  the  driver,  as  is  usual.  Also  the 
two  crank-arms,  by  means  of  which  the  current  is  sent  through  a 
greater  or  less  resistance  in  the  box  at  l,  before  going  around  the 
magnets,  m,  and  into  the  armature,  n. 

The  two  most  important  improvements  of  Inspector  Kraski  are 
at  the  points  o  and  p.  A  great  deal  of  difiBculty  was  experienced 
from  the  fact  that,  notwithstanding  the  many  resistances  at  I,  the 
armature  always  started  to  revolve  very  suddenly  when  the  current 
was  turned  on.  The  result  was,  that  very  frequently  teeth  were 
knocked  out  of  the  bevel-wheels  at  p.  Hence,  the  larger  wheel  at 
p  is  now  made  of  cast-steel,  and  fastened  to  the  shaft  somewhat  elas- 
tically  with  springs,  and  the  smaller  wheel  is  of  phosphor-bronze. 
By  using  these,  the  breaking  out  of  teeth  was  remedied. 

Immediately  behind  these,  at  o,  another  wheel  has  been  fastened 
to  the  armature-shaft,  on  which  a  brake  is  to  act,  the  object  being  to 
enable  the  driver  to  apply  the  brake  as  nearly  as  possible  to  the 
source  of  the  power.  This  feature,  as  I  have  remarked,  Siemens  & 
Halske  refused  to  adopt.  It  was  not,  by  any  means,  the  intention 
of  the  inspector,  in  designing  it,  to  abandon  the  brakes  applied  on 
the  driving-wheels,  but  only  to  use  the  additional  brake  in  starting 
the  locomotive. 
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As  the  drifts  are  geaerally  wet,  it  haa  been  found  advisable  to  put 
a  eand-box  on  the  locomotive  to  prevent  the  slipping  of  the  driving- 
wheels. 

Fio.  3. 


Crow-SecUoD  and  Elevation  of  Pig.  2. 

As  far  as  I  can  learn,  the  arrangements  at  Zaukeroda  and  at  New 
Stassfurt  are  not  essentially  different  from  those  described  here,  ex- 
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cept  that  at  Zaukeroda  I  am  told  the  K<yniald»ehliHen  are  replaced 
by  Konlaktwagvii,  the  difiereDce  being  that  the  latter  run  on  wheels 
instead  of  simply  sliding  along.  This  principle  was  used  at 
Zaukeroda  from  the  beginning,  and  the  engineers  are  very  well  satis- 
fied with  it 


The  plant  of  the  ARgerneine  EkklricitatsgeBelUohafi  (Fig.  4) 
shows  Bome  differences.  There  the  primary  dynamo  is  fastened 
directly  to  the  shaft  of  a  SO-horse-power  vertical  steam-engine, 
making   260   revolutions   per   minute.      The  dynamo    is    shunt- 
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wound,  with  an  armature  on  the  principle  of  the  Gramme  ring. 
The  collectors  are  not  of  copper,  but  are  small  blocks  of  gas- 
carbon,  pressed  against  the  commutator  by  springs.  These  brushes 
are  employed  because  they  do  not  destroy  the  commutator  as  rapidly 
as  do  those  of  copper.  In  this  case  they  are  said  to  have  proved 
exceedingly  satisfactory. 

From  the  brushes,  the  copper  cables  run  to  the  switch-board 
(where  there  are  a  volt-meter,  an  ammeter,  a  cut-out,  and  lead 
safety-strips),  and  thence  down  the  shaft,  in  which,  at  intervals  of 
4  meters,  they  are  supported  by  porcelain  insulators  fastened  to  the 
shaft-walls. 

In  the  gangway,  one  of  these  cables  is  connected  to  the  rail  and 
the  other  is  in  contact  with  the  overhead -conductor,  which  con- 
sists of  two  strips  of  band-iron  riveted  together,  or  of  §mall  profile 
iron,  and  is  supported  at  intervals  of  6  meters  by  porcelain  insula- 
tors. 

These  insulators  are  either  arranged  in  the  gangway,  as  shown 
in  the  print,  or  they  are  fastened  directly  to  the  roof. 

In  this  way  the  conductor  is  placed  directly  above  the  middle  of 
the  track,  and  at  a  distance  above  the  rail  varying  between  1630  and 
1800  mm. 

It  is  very  easy  to  arrange  for  a  switch  with  this  conductor  by 
simply  riveting  a  branch  to  the  main  conductor  wherever  there  is  a 
switch  in  the  track  below,  no  complicated  switch  in  the  conductor 
itself  being  necessary. 

The  print  shows  also  the  method  of  taking  the  current  from  the 
upper  conductor. 

Two  springs  fastened  to  the  top  of  the  locomotive  press  a  solid 
block  of  metal  against  the  band-iron  from  below,  and  so  allow  the 
electricity  to  enter  the  locomotive.  There  the  current  is  divided, 
part  going  to  excite  the  magnets  and  part  flowing  through  the 
armature.  The  motor  is  shunt-wound,  like  the  dynamo,  and 
the  brushes  of  the  moto^,  like  those  of  the  dynamo,  are  of  gas- 
carbon. 

The  electric  return-current  to  the  dynamo  passes  through  the 
rail. 

To  make  the  comparison  more  easy,  I  have  arranged  the  most 
important  data  concerning  these  plants  in  the  form  of  a  table  (p.  367). 

As  to  the  cost  of  running,  I  take  the  following  table  from  a  pam-> 
phlet  published  by  Siemens  &  Halske  in  1887  : 
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Comparison  of  the  Tramming ,  and  the  Cost  of  Tramming  with  Elective 
Motors,  at  New  Stassfuii,  Zaukeroda,  and  HohenzoUeim. 

New  StaasfUrt.  Zaukeroda.  HobenzoUern. 

Average  tramming  distance,  meters,     .    800  720                    756 

Maximum  number  of  cars  per  shift,      .    400  400                    900 

Weiglit  of  coal  per  car  in  kilogrammes,    800  475                    560 

Ton-kilometers  per  car,         .        .        .        0.640  0.342                 0.406 

Cost  per  Oar,  in  Pfennigs  (1  Pfennig  is  About  J  Cent). 

New  Stassfart.  Zaukeroda.     HohenzoUem. 

Machinist  above  ground,       .        .        .    0.9045  0.3120  0.6110 

Trainmen  under  ground,       ...        .    2.2000  0.8000  

Coal  for  steam, 1.7900  0.3400  0.2230 

Various  materials 0.56851  ^^^^^  ^^^^ 

Repairs, 0.3276/ 

Interest  and  depreciation  at  15  per  cent.,    2.4856  1.0150  1.7780 

Total, 8.2762  3.1405  2.9450 

CoAt  per  Ton  and  Kilometer,  in  Pfennigs. 

New  SlassfUrt.  Zaukeroda.     HohenzoUem. 

Machinist  above  ground,       .        .        .    1.4133  0.9122 1             ^  g/wwv 

Trainmen  under  ground,       .        .        .    3.4375  2.3392  / 

Coal  for  steam, 2.7970  1.0000                0.4570 

Various  materials,         ....    0.88801  ^  9^93                ^^^^^ 

Repairs, 0.5119  i 

Interest  and  depreciation  15  per  cent., .    3.8828  2.9678               4.3800 

Total, 12.9314  9.1885  6.7380 

Cost  of  Tramming  ijj/ien  Done  by  Man-Povoer,  in  Pfennigs. 

New  Stassfurt.  Zaukeroda.  HohenzoUem. 

Car  per  shift, 18  7.2                     7.5 

Car  per  100  meters,       ....     2.7  1.0                      1.0 

Per  ton  and  kilometer, .        .        .        .34.2  21.0                    18.0 
Ratio  of  cost  of  electric-power  to  cost  of 

man-power, 0.38  0.44                   0.37 

Cost  of  Tramming  with  Horses. 

New  StossfUrt.  Zaukeroda.        HohenzoUem. 

Per  ton  and  kilometer  in  pfennigs,       .16  12.2  10.0 

Ratio  of  cost  of  tramming  with  elec- 
tricity to  that  when  using  horses,      .    0.75  0.75  0.67 

At  the  mine  at  Zaukeroda,  the  new  locomotives  are  very  much 
more  efficieut  than  the  old,  and  Mr.  Georgi,  Berg ver waiter,  informs 
me  that  they  expect,  on  that  account,  to  reduce  expenses  by  10  per 
cent. 

From  New  Stassfurt  I  hear  of  a  reduction  even  greater.  Mr. 
Hoben,  the  superintendent  there,  has  kindly  sent  me  a  statement  of 
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the  expenses  of  running  the  electric  plant  during  the  month  of  July^ 
1890^  in  marks  (one  mark  being  about  25  cents) : 

Marks. 

Looomotive-drivers, 341.68 

Switchmen, 312.64 

Machinist  above  ground, 168.94 

Packing  and  oiling, 173.64 

Depreciation,  10  per  cent,  per  annum  on  40,000  marks,        .  333.33 

Interest,  4  per  cent,  per  annum, 133.33 

CJoal, 328  05 

Total, 1791.61 

Number  of  ton-kilometers  run, 22,125 

Pfennigs. 

Cost  per  ton-kilometer, 8.0 

Cost  when  using  man  power  (as  aboye), .        .        .        .      ' .        34.2 

The  fuel  consumed  per  ton-kilometer  was  0.06  hectoliters  of 
lignite.  ^ 

The  Attgemeine  ElectricUdtsgesellsohaJi  also  published,  after  their 
experiment  at  Richterschacht  I.,  an  estimate  of  the  cost  of  running 
such  a  plant,  based  on  a  length  of  road  of  1000  meters,  and  using 
1  locomotive,  a  second  being  kept  in  reserve.  Steam  was  supposed 
to  be  furnished  from  existing  boilers,  so  that  the  capital  invested  in 
the  new  plant  would  amount  to  only  60,000  m^rks.  It  was  assumed 
that  1200  carloads,  each  of  660  kilogrammes  of  coal,  were  to  be 
moved  daily.  The  work  would  then  have  been  780  ton-kilome- 
ters per  diem,  or,  for  the  year,  234,000  ton-kilos.  For  this  the 
yearly  outlay  was  reckoned  (steam  being  supposed  to  cost  2  pfg.  per 
horse-power  per  hour)  as  follows,  in  marks : 

Marks. 

For  generation  of  steam, .        .  1380 

Materials  for  greasing  machinery,     ...                .        .  600 

1  machinlHt  above  ground, 1200 

V  locomotive-drivers, 3600 

Depreciation  at  8  per  cent  and  repairs, 4000 

Interest  at  5  per  cent., 2500 

Total, 13,280 

which  would  make  the  expense  per  ton-kilometer  only  about  5.7 
pfennigs. 

The  best  answer  to  the  question  whether  these  plants  are  satis- 
factory, is,  perhaps,  the  statement  that  at  each  of  these  collieries 
supplied  by  Siemens  and  Halske  an  increased  number  of  locomo- 
tives has  very  recently  been  put  into  operation.     At  Zaukeroda 
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there  are  now  two;  at  the  Hohenzollern  mine  four;  and  here  an 
attempt  is  to  be  made  to  let  the  trains  run  in  a  continuous  circuit, 
so  that  more  than  one  locomotive  may  be  running  in  the  same  drift  at 
the  same  time.  In  New  Stassfurt  there  are  now  three  gangways  where 
locomotives  are  in  use,  and  the  company  owns  four  locomotives. 
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It  is  true  that  the  plant  of  the  Allgemeine  Elex^ii'icUdtagesellsehafi 
has  been  removed  from  Richterschacht  I. ;  but  I  hear  from  disinter- 
ested authority  that  the  removal  was  due  rather  to  the  lack  of  in- 
terest shown  by  the  oflBcers  of  the  mine  in  trying  to  overcome  such 
difficulties  as  always  present  themselves  with  new  arrangements. 
Upper  Silesia  has,  however,  very  recently  put  in  still  another  elec- 
tric road,  built  by  Fahmeyer  &  Co.,  of  Aix-la-Chapelle,  at  the 
Aschenborn  shaft  of  the  Gottessegen  mine.  This  is  said  to  give 
very  great  satisfaction.  The  locomotive  draws  a  train  of  16  cars, 
each  weighing  IdOO  kilogrammes,  at  the  rate  of  3  meters  a  second. 
Further  details  I  could  not  obtain  in  the  time  at  my  disposal. 

It  may  be  interesting  to  note  that  although  all  but  one  of  these 
mines  are  coal-mines,  no  precautions  had  to  be  taken  to  prevent 
gas-explosions,  because  in  none  of  them  is  there  any  development 
of  gas. 

Further  details  concerning  the  plant  and  operations  at  Zaukeroda 
will  soon  be  accessible  io  a  publication  by  the  officials  of  the  mine 
in  the  Jahrbuchfilr  das  Bei^g-  und  HUttenwesen  im  K&nigreiche-Sach'' 
sen,  which  will  appear  toward  the  end  of  this  year. 

In  conclusion,  I  wish  to  express  my  sincere  gratitude  for  the 
kindly  reception  with  which  I  have  been  met,  and  the  friendly 
manner  in  which  all  my  questions  have  been  answered  and  all  expla- 
nations have  been  given  by  the  directors  and  officers  of  each  of  the 
mines  above  named. 

Discussion. 

In  connection  with  the  foregoing  paper,  Mr.  H.  C.  Spaulding, 
Boston,  Mass.,  presented  photographs  of  an  electric  mine-locomotive 
and  an  electric  mine-pump,  recently  constructed  by  the  Thomson- 
Van  Depoele  Electric  Mining  Company.  The  locomotive,  believed 
to  be  the  largest  in  the  United  States,  has  60  horse-power  capacity; 
gauge,  3  feet;  armature  speed,  1000  revolutions;  total  weight, 
21,600  pounds;  total  height  above  rails,  3  feet  3 J  inches ;  total  width, 
6  feet  3 J  inches;  length  of  frame,  11  feet  5 J  inches;  length  over 
all,  12  feet  6}  inches;  diameter  of  wheels,  32  inches.  The  pump 
was  designed  to  deliver  100  gallons  a  minute  for  a  lift  of  1500  feet. 
The  water-end  was  furnished  by  the  Knowles  Company.  Under 
actual  conditions  of  680  pounds  pressure,  and  delivering  the  maxi- 
mum amount  of  water,  the  pump  shows  an  efficiency  of  74  per  cent, 
of  the  electric  energy  furnished.  The  voltage  used  is  220,  and,  for 
protection  against  moisture,  the  armature  is  covered  with  mica,  and 
the  fields  are  made  as  nearly  water-proof  as  possible. 
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VANJA,  WITH  A  DESGEIPTION  OF  THE  LONG- 

WALL  METHOD  OF  MINING    USED   IN 

WORKING    THEM, 

BY  H.  H.  STOEK,  SOUTH  BETHLEHEM,  PA. 

(Glen  Summit  Meeting,  October,  1891.) 

Danville,  the  county  seat  of  Montour  county,  Pa.,  was  one  of 
the  earliest  and  best-known  centers  of  the  iron  industry  in  the  State. 
It  is  situated  on  the  north  bank  of  the  north  branch  of  the  Susque- 
hanna river,  twelve  miles  east  of  the  confluence  of  the  north  and 
west  branches  of  that  river  at  Northumberland.  The  ore-belt,  ex- 
tending for  a  distance  of  twelve  miles  along  the  north  bank,  has 
been  developed  in  a  number  of  places,  hut  nowhere  so  extensively 
as  in  the  immediate  vicinity  of  Danville.  Hence,  a  description  of 
the  mines  in  that  locality  will  suflSce,  as  typical  of  the  workings  of 
Jhe  entire  section. 

Geology. 

The  Montour  ridge  consists  of  an  anticlinal  fold  extending  from 
the  source  of  Wapwollopen  creek  on  the  east  to  the  west  branch  of 
the  Susquehanna,  which  it  reaches  at  the  mouth  of  Chilisquaque 
creek.  According  to  the  reports  of  the  First  Geological  Survey  of 
Pennsylvania,  the  length  of  the  ridge  is  nearly  twenty-seven  miles, 
with  an  average  breadth  of  three-fourths  of  a  mile,  and  a  maximum 
elevation  of  six  hundred  feet  in  the  vicinity  of  Danville,  where  it 
also  attains  its  greatest  width.  Just  north  of  Danville  the  Mahon- 
ing creek  cuts  through  it,  exposing  the  iron-ore  on  the  hill-side, 
where  advantage  has  been  taken  of  this  to  work  the  beds  on  the 
southern  slope  of  the  ridge  by  means  of  drifts. 

The  sections  given  in  Fig.  1  are  taken  from  the  reports  of  the 
First  Geological  Survey  of  Pennsylvania,  made  in  1858,  by  H.  D 
Rogers,  whose  description  of  the  Montour  ridge  was  so  complete 
and  accurate  that  the  entire  report  was  reprinted  as  an  appendix  to 
Vol.  G  7  of  the  Second  Geological  Survey.  The  approximate  cross- 
section  shows  that  near  Danville  the  top  of  the  ridge  is  of  Clinton 
VOL.  XX. — 24 
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slate,  flanked  by  a  vein  of  block-  or  sandstone-ore  from  18  to  24 
inches  thick.  Above  this  is  an  iron  sandstone  covered  by  a  green 
slate  containing  thin  plates  of  argillaceous  sandstone.  Next  we 
find  the  lower  calcareous  shales,  in  which  is  the  fossil  ore-bed,  from 
three  to  four  feet  thick.  Groing  eastward  along  the  ridge,  the  strata 
dip  under  the  coal-measures,  and  in  the  vicinity  of  Blobmsburg  the 
block-ore  does  not  outcrop,  but  arches  the  ridge  at  some  distance 
beneath  the  surface.  The  cap  of  the  ridge  has  been  evidently  eroded 
and  transported,  as  masses  of  these  ores  are  found  scattered  irregu- 
larly over  the  country  to  the  southward.  As  may  be  easily  seen 
from  the  section,  the  dip  of  the  measures  upon  the  southern  slope 
is  less  than  upon  the  northern.  On  the  south  side  the  dip  is  from 
20  to  35  degrees,  while  on  the  north  side  it  varies  from  30  to  70 
degrees,  thus  giving  on  that  side  a  much  shorter  working  breast 
above  water  level.  The  general  strike  of  the  beds  is  nearly  east  and 
west. 

History. 

The  first  development  on  the  south  side  of  the  ridge  in  the  vicinity 
of  Danville  was  made  in  1839-40  by  David  L.  Leavitt,  of  New 
York  city,  who  was  succeeded,  in  1843,  by  Chambers,  Biddle  &  Co., 
under  whose  management  the  first  blast-furnace  in  Danville  was 
built.  This  firm  controlled  the  mines  until  1851,  when  the  Mon- 
tour Iron  Company  was  incorporated  by  the  Grove  Brothers,  who 
retained  the  ownership  until  1857.  In  that  year  the  company  failed, 
and  in  1858  Messrs.  Waterman  and  Beaver  secured  control  of  the 
plant,  and  it  was  during  their  ownership,  from  1858  to  1878,  that 
the  greatest  development  was  made  in  the  mines.  In  1878,  Mr. 
Beaver  retired  from  the  firm,  and  for  two  years  Mr.  Waterman 
retained  sole  ownership.  At  the  end  of  this  time  the  furnaces  and 
mines  of  the  Montour  Iron  Company  became  the  property  of  the 
present  owners,  the  Philadelphia  and  Reading  Railroad  Company, 
though  the  name  of  the  plant  has  not  changed. 

The  Ores. 

The  ores  are  of  two  distinct  varieties,  the  limestone-,  or  Danville 
fossil-ore,  and  the  sandstone-,  or  block-ore.  The  fossil-ore  is  simply 
a  fossil-limestone  impregnated  with  iron.  The  bed  is  usually  di- 
vided into  three  splits  by  partings  of  sand-slate.  Beneath  a  slate 
top  we  find  the  upper  split  from  5  to  6  inches  thick,  under  which  is 
a  parting  of  6  to  8  inches  of  sand-slate.     The  middle  splits  known 
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as  the  "  buncombe,"  is  the  main  bed,  and  varies  from  15  to  20  inches 
in  thickness.  Below  a  parting  of  ten  to  twelve  inches  of  sand-slate 
there  is  sometimes  found  a  thin  split  of  ore,  at  times  reaching  a 
thickness  of  5  inches,  with  a  bottom  rock  of  slate. 

The  "  buncombe"  is  the  richest  of  the  three  splits:  the  others 
contain  more  slate  and  their  analyses  show  larger  percentages  of  lime 
and  magnesia. 

The  fossil-ore  is  divided  into  two  kinds,  the  "hard"  or  lime- 
stone-ore, and  the  ''soft  ore."  The  latter  occurs  in  the  form  of  a 
pasty  mud,  which  has  been  derived  from  the  hard  ore  by  the  leach- 
ing out  of  most  of  the  lime.  There  seems  to  be  no  regularity  in  the 
occurrence  of  these  two  ores,  hard  ore  changing  into  soft,  sometimes 
gradually,  but  very  often  suddenly.  In  many  places,  hard  and  soft 
ores  may  be  found  within  a  few  inches  of  each  other.  While  the 
top  rock  of  the  hard  ore  is  usually  a  solid  slate,  that  of  the  soft  ore 
is  cracked  and  broken.  The  fossil-ore  extends  along  the  southern 
slope  of  the  ridge  for  two  miles  to  the  eadt  of  Mahoning  creek,  where 
it  pinches  out,  and  for  5  or  6  miles  the  bed  is  not  workable ;  but 
it  then  reappears  and  extends  to  Bloomsburg,  12  miles  from  Dan- 
ville, where  it  is  again  worked.  On  the  north  slope  of  the  ridge 
the  fossil-beds  are  regular  on  the  east  side  of  Mahoning  creek,  but 
toward  the  west  the  parting  gradually  increases  in  thickness  until  it 
replaces  the  ore. 

The  Narrows  of  the  Susquehanna,  two  miles  west  of  Danville,  is 
stated  by  the  State  Geological  Survey  to  be  the  western  limit  of 
economical  working  for  these  beds.  Their  development,  however, 
had  not  been  pushed  so  far  when  work  was  stopped. 

The  block-ore  is  a  sandstone  highly  impregnated  with  iron,  and 
breaking  when  blasted  into  blocks,  whence  its  name.  Near  the  out- 
crop it  is  very  rich ;  and  through  the  use  of  this  ore,  which  makes 
an  excellent  blast-furnace  mixture  with  the  fossil-ore,  Danville  iron 
acquired  its  reputation  for  superior  quality.  The  beds  have  an 
average  thickness  of  18  to  24  inches,  and  wherever  worked  they 
have  been  very  regular  on  both  the  north  and  south  slopes  of  the 
ritige.     Both  the  foot- wall  and  the  hanging- wall  are  of  sandstone. 

The  Second  Geological  Survey  locates,  between  the  block-  and 
fos.sil-ores,  a  bed  of  sandstone  ore  which  is  said  to  extend  to  the 
west  of  Mahoning  creek,  but  not  on  the  east  side.  As  there  is  no 
record  of  attempts  to  develop  this  ore,  it  is  probably  of  little  economic 
importance  compared  with  the  other  two. 

In  the  counties  west  of  Montour  county,  the  valuable  "  bird-eye  " 
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ore  is  found  below  the  block-ore,  and  160  feet  above  the  contact  of 
the  Clinton  and  Medina  measures.  This  same  ore  outcrops  at  Chau- 
laski,  three  miles  below  Danville,  on  the  north  bank  of  the  Susque- 
hanna, but  only  a  small  amount  of  ore  has  been  taken  out,  the 
outcrop  being  but  5  inches  thick.  Borings  have  not  been  made  in 
the  Danville  measures  to  search  for  this  ore,  and  there  is  a  diversity 
of  speculative  opinion  as  to  its  probable  occurrence.  According  to 
some  of  those  who  are  working  the  ore  west  of  Danville,  the  bed 
pinches  out  toward  the  east;  and  if  this  be  true,  an  outcrop  of  only 
5  inches  at  Chaulaski  might  be  taken  as  a  possible  indication  that 
at  Danville  the  bed,  if  present,  is  not  of  workable  thickness,  though 
of  course,  in  the  distance  of  3  miles,  the  bed  may  have  again  become 
workable. 

Until  test-borings  are  made,  speculation  will  probably  continue  as 
vigorous  and  as  uncertain  as  at  the  present  time. 

The  following  analyses  of  the  ores  have  been  made  at  various 
times  during  the  last  ten  years  in  the  laboratory  of  the  Montour 
Iron  Company. 

Soft  Fossil' Ore. 

8iO»  . 

Fe,0,. 

A1,0,,        . 
CaO,  . 

MgO, 

D}  •  . 

P,         .  . 

MnO, 


C50 


a* 


1882. 

1889. 

3.50 

7.05 

19.28 

24.11 

67.30 

60.49 

7.94 

2.45 

0.86 

1.12 

0.80 

0.43 

0.02 

0.02 

0  47 

0.70 

3.20 

100.17 


99.57 


Hard  Fossil- Ore. 


H,0,  . 

SiO^. 
Fe^Os, 
A1,0„ 
CaO,  . 
MgO,. 
8,      . 

P,  . 
MnO» 

Co,,   . 


Parsel  Slope. 
1888. 


5.56 
38.81 
4.34 
25.17 
2.85 
0.10 
0.23 


Welsh  Hill. 
1889. 

0.18 

6.04 
28.65 

6.95 
29,44 

2.17 

0.60 

0.16 


23.00        24.66 


100.06        98.84 
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The  soft  fossil-ore  as  it  comes  from  the  mines  contains  10  to  20 
per  cent,  of  water,  but  only  7  per  cent,  after  drying  on  the  ore-heap 
for  one  year.  Eight  analyses  of  the  fossil-ore  from  Welsh  Hill 
drift  gave  a  mean  of  21.89  per  cent,  of  iron.  A  complete  analysis 
of  the  block-ore  could  not  be  obtained.  Its  composition  is  very 
similar  to  that  of  the  soft  fossil-ore,  excepting  a  smaller  percentage 
of  water  and  a  higher  percentage  of  silica. 

The  following  analyses  were  made  in  1882  by  Messrs.  Booth, 
Garret  and  Blair : 


HardFoBsil.    SonFoBsil.    Block. 


SiO,. 
Fe,0» 

CaO, 
MgO, 

P, 
Mn, 


19.28 

5.66 

27.28 

64.65 

39.10 

52.23 

7.93 

4.30 

8.29 

0.86 

26.17 

2.43 

0.79 

2.60 

1.54 

0.22 

0.17 

0.46 

1.56 

trace. 

trace. 

22.81 


The  iron  made  from  the  ores  in  the  western  part  of  the  Danville 
workings  was  cold-short,  while  as  the  workings  advanced  towards 
the  east  it  became  neutral,  and  then  red-short.  For  the  sake  of 
comparison  the  following  analysis  of  the  "  bird-eye"  ore  from  Snyder 
county  is  added : 


Fe^Os, 
SiO„ 
CaO, 
MgO, 

A1A» 
MnO, 

S,       . 
P,      . 


67.81 
11.38 
12.64 
4.02 
209 
1.30 
0.16 
0.41 


99.81 


Development  and  Present  Condition  of  the  Mines. 

The  first  mining  was  done  in  the  block-ore  north  of  a  line  drawn 
west  from  the  slope  A  (Fig.  2).  Drifts  were  driven  westward  to 
the  property  line  and  the  ore  worked  out  to  the  outcrop.  In  1863 
the  slope  A  was  sunk,  and  with  later  extensions  a  depth  of  nearly 
500  feet  was  reached^  thus  tapping  the  fossil  iron-ores  at  perhaps  the  • 
greatest  depth  below  water-level  yet  reached  on  these  ores  in  this 
country.    Six  levels  were  driven  to  the  west  and  the  ore  was  worked 
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out  to  the  property-line,  while  two  levels  were  started  to  the  east, 
but  soon  abandoned,  as  the  ore  became  too  lean  to  be  profitably 
worked.  Owing  to  the  constantly  increasing  expense  for  pumping, 
the  difficulty  of  ventilation,  and  to  the  large  amount  of  ore  above 
water-level  owned  by  the  company,  the  slope  was  abandoned  many 
years  ago,  and  is  now  full  of  water,  the  only  evidence  of  former 
activity  being  the  wooden  engine- foundations  which  are  still  in 
place.  On  the  east  side  of  Mahoning  creek  two  drifts  were  driven 
in  the  fossil-ore,  the  "  Water  Level "  and  the  '*  Welsh  Hill "  drifts 
(Fig.  2).  About  2500  yards  of  gangway  were  driven  in  this  bed, 
as  shown  in  Fig.  3,  and  when  the  work  was  stopped  in  1889  most 
of  the  ore  between  the  gangways  had  been  taken  out.  In  the  block- 
ore,  higher  up  on  the  (lillsides,  five  drifts  have  been  driven,  the 
"  Monkey  "  drift,  about  600  yards  long,  and  B,  C,  D  and  E,  ap- 
proximately as  shown  in  Fig.  4.  No  new  drifts  have  been  started 
since  1880,  but  most  of  the  ore  has  been  taken  out  between  the  gang- 
ways. On  the  northern  slope  of  the  ridge  the  outcrops  were  worked 
prior  to  1850,  to  supply  ore  for  a  small  charcoal  blast-furnace, 
which  was  long  ago  destroyed. 

Soon  aft;er  Messrs.  Waterman  and  Beaver  secured  control  of  the 
Montour  Iron  Company,  about  1860,  the  Pursel  and  Frosty  Valley 
slopes  were  sunk  in  the  fossil  ore-bed  (see  Fig.  2.).  The  Frosty 
Valley  slope  (Fig.  5)  was  sunk  about  400  feet  upon  a  dip  of  35  to 
45  degrees.  Gangways  were  driven  east  and  west  75  feet  apart,  thus 
forming  five  lifts  worked  from  this  slope. 

Numbering  the  lifts  from  the  top  downward,  lifts  1  and  2  were 
worked  out  on  the  east  to  the  property-line,  and  on  the  west  until 
they  connected  with  the  Pursel  slope- workings. 

Lifts  3,  4  and  5  had  been  partly  worked  out  when  this  slope  was 
abandoned  in  1889,  as  shown  approximately  in  Fig.  5.  Most  of 
the  ore  taken  from  tliis  slope  was  of  the  soft  fossil  variety. 

The  Pursel  slope  is  located  on  the  same  outcrop,  three-fourths  of 
a  mile  west  of  the  Frosty  Valley  slope.  It  was  sunk  about  600  feet 
upon  a  dip  of  25  to  35  degrees,  giving  six  lifts  of  90  feet  each  and 
a  sump  at  the  bottom.  The  water  of  this  slope  was  pumped  to  the 
gangway  of  the  highest  lift,  which  was  pushed  to  the  surface  and 
used  as  a  drainage-adit. 

Lifts  1  and  2  had  been  worked  out,  and  the  remaining  lifts  partly 
developed,  when  the  slo|)e  was  abandoned  in  1889  and  allowed  to 
fill  with  water.  The  Grove  slope  upon  the  property  of  the  Messrs. 
Grove,  three-quarters  of  a  mile  east  of  the  Frosty  Valley  slope;  was 
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abandoned  in  1882,  after  which  time  the  amount  of  water  to  be 
raised  through  the  Frosty  Valley  and  Punsel  slopes  was  greatly 
increased. 

In  September,  1889,  all  work  was  stopped  in  the  mines  of  the 
company,  on  account  of  the  constantly  increasing  cost  of  mining 
upon  the  north  side  of  the  ridge,  due  to  the  large  amount  of  water 
to  be  raised,  and  on  account  also  of  the  small  percentage  of  iron 
contained  in  the  ore.  Since  the  mines  were  stopped  the  furnaces  of 
the  company  have  been  run  largely  upon  Lake  ores.  Excepting  in 
the  Monkey  drift  upon  the  south  side,  all  machinery  and  rails  were 
removed  and  the  mines  permanently  abandoned. 

In  that  drift  the  rails  are  still  in  place,  and  work  can  there  be 
resumed  at  any  time,  should  it  be  necessary  to  do  so,  to  supply  the 
two  furnaces  of  the  company  with  ore. 

When  visited,  in  June,  1890,  the  mines  had  been  abandoned  for 
a  year;  the  slopes  were  full  of  water;  and  tlie  Monkey  drift  was 
the  only  one  into  which  it  was  considered  safe  to  venture.  As  the 
workings  had  not  been  mapped,  the  accompanying  sketches  merely 
approximate  the  extent  and  general  arrangement  of  the  mines  at  the 
time  of  their  abandonment.  They  were  drawn  as  accurately  as  pos- 
sible from  descriptions  furnished  by  former  mine-foremen,  and  in- 
formation obtained  from  a  number  of  persons  who  were  officially 
connected  with  the  mines  at  various  times. 

Method  of  Mining. 

The  long. wall  method  of  mining  was  introduced  into  these  mines 
by  Mr.  Daniel  Edwards,  formerly  Superintendent  of  the  Montour 
Iron  Company,  but  now  President  of  the  Kingston  Coal  Company. 
At  the  time  of  its  introduction  it  was  a  method  but  little  used  in  this 
country,  and  seldom  in  beds  as  thick  as  those  of  Danville,  where  the 
breasts  were  frequently  4  to  5  feet  high.  Figs.  6  and  7  show  the 
general  plan  of  the  method  as  used  at  Danville. 

Levels  are  driven  90  feet  apart,  and  the  face  of  each  gangway 
should  be  kept  in  advance  of  all  higher  gangways,  so  that  of  the 
gangways,  C,  E  and  H,  for  instance,  the  face  of  C  should  be  the 
farthest  from  the  slope  or  the  mouth  of  the  drift ;  but  it  will  be  seen 
by  reference  to  Fig.  3  that  this  rule  has  not  been  carried  out.  In 
fact,  this  is  seldom  done  in  this  r^ion,  as  it  necessitates  the  outlay 
of  a  large  amount  of  capital  before  any  return. 

The  gangways  are  driven  7  to  10  feet  wide  and  5|  to  7  feet  high, 
i.e.,  just  high  enough  for  a  man  or  mule  to  go  erect.    The  lowest 
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gangway,  C,  Fig.  6,  is  knowo  as  a  '^  fast-end  ^^  gangway,  as  it  is 
driven  entirely  in  the  solid,  while  E,  H,  etc.,  are  "loose-end*' 
gangways,  with  but  one  side  in  the  solid  and  the  other  side  formed 
by  the  stowing.  The  face  of  the  gangway,  C,  should  be  kept  far 
enough  ahead  so  that  blasting  there  will  not  interfere  with  the  work- 
men in  the  breast,  D,  and  the  same  consideration  should  determine 
the  distance  of  the  breast,  F,  from  the  face  of  E. 

To  facilitate  the  loading  of  the  ore  into  cars  from  chutes,  the 
gangways  are  so  driven  that  the  bed  will  lie  at  the  top  of  the  upper 
rib,  Fig.  8,  and  to  secure  the  proper  gangway-height  the  bottom  rock 
must  be  taken  up.  In  this  point  the  method  differs  from  that  fol- 
lowed at  Mansfeld,  Germany,  where  the  top  rock  is  blown  down. 
In  doing  this  along  the  lower  gangway,  C,  a  drainage-ditch  is  left 
upon  the  lower  side.  When  first  driven,  the  gangway,  C,  is  timbered 
upon  the  upper  side,  as  shown  in  Fig.  8 ;  but,  as  settling  takes  place, 
the  props  are  usually  broken,  and  it  is  generally  necessary  to  renew 
them  and  to  blow  down  the  top  of  the  gangway,  which  frequently 
settles  sufficiently  to  obstruct  the  haulage-way  (see  Fig.  9).  Often, 
however,  the  stowing  becomes  so  tightly  packed  in  settling  that  re- 
timbering  is  unnecessary.  In  the  soft  ore,  by  reason  of  the  creeping 
of  the  bottom,  the  gangway-props  must  sometimes  be  renewed 
several  times. 

Breasts,  D,  D,  etc.,  F,  F,  etc.,  are  turned  off  at  an  angle  of  35® 
to  45®  with  the  direction  of  the  gangway,  the  angle  being.deter- 
mined  by  the  dip  of  the  bed.  The  breasts  are  2  feet  wide  and  24 
to  30  feet  long,  and  usually  there  are  five  breasts  in  a  tier  between 
two  gangways.  The  height  of  the  breast  varies,  with  the  nature  of 
the  ore,  from  2  to  6  feet.  In  the  hard  limestone-ore  the  three  splits 
are  taken  out  if  the  ore  in  the  top  and  bottom  splits  is  sufficiently 
rich ;  but  if  these  splits  are  thin,  or  if  the  ore  is  lean,  the  "  bun- 
combe" merely  is  mined,  with  enough  of  the  top  to  allow  a  miner 
to  square  his  shoulders  in  the  breast.  In  the  soft  fossil- ore  only  the 
"  buncombe  "  is  taken  out,  with  enough  rock  to  allow  the  miner  to 
work  his  breast.  The  hard  limestone-ore  and  the  block-ore  have 
to  be  blasted,  but  the  soft  ore  is  scraped  out  in  the  form  of  mud. 

Each  breast  is  worked  by  a  miner  and  one  laborer ;  or  two  miners 
will  combine  and  work  two  breasts ;  and,  sometimes,  one  miner  and 
two  or  three  laborers  will  work  two  breasts.  The  miner  working 
the  top  breast  of  a  tier,  such  as  D^,  Fig.  6,  also  drives  the  gangway, 
E,  takes  up  the  bottom  rock  to  give  sufficient  height  for  haulage, 
piles  the  stowing  carefully  on  the  lower  side  of  the  gangway,  and 


NOTES  ON  THE   IRON-ORES  OF  DANVILLE,   PA.  381 

prepares  the  road-bed  for  the  track-layers,  for  which  additional  work 
he  is  paid  extra. 

A  ditch  is  not  left  along  the  loose-end  gangway,  as  the  water 
should  drain  through  the  stowing  to  the  fast-end  gangway,  C.  The 
gob  is  thrown  loosely  between  the  breast  and  gangway  below,  ex- 
cepting along  the  chutes,  G,  G,  where  it  is  carefully  piled  in  the  form 
of  a  dry  wall  to  support  the  roof  and  to  protect  the  chutes.  A  chute 
2  feet  4  inches  wide  is  left  for  each  breast,  down  which  the  ore  is 
thrown  to  the  gangway  below.  It  is  sometimes  necessary  to  line 
these  chutes  with  boards,  though  generally  a  carefully-built  dry  wall 
of  gob  suffices.  The  ore  from  each  breast  is  carried  to  the  chute  by 
hand,  and  is  allowed  to  accumulate  at  the  bottom  of  the  chute,  being 
drawn  out  into  cars  as  desired. 

There  is  usually  a  platform  at  the  bottom  of  the  chute  to  facili- 
tate the  loading;  in  the  soft  ore  it  is  placed  directly  above  the  car 
(Fig.  10),  but  it  is  nearer  the  bottom  in  the  hard  ore,  and  sometimes 
the  ore  is  simply  allowed  to  pile  up  along  the  gangway.  When 
necessary  to  prevent  the  air-current  drawing  up  a  chute,  a  canvas 
curtain  is  hung  loosely  over  the  mouth  of  it  (Fig.  11) ;  but  ordinarily 
this  is  unnecessary,  as  only  the  last  five  inside  chutes  are  kept  open, 
the  others  being  boarded  up  and  filled  with  gob  when  the  gangway, 
E,  has  advanced  so  that  the  ore  from  the  next  higher  tier  of  breasts 
can  be  removed  through  that  gangway.  The  gangways,  E,  H,  etc., 
are  connected  with  the  fast-end  gangway,  C,  by  "pitching  gang- 
ways "  K,  K,  driven  through  the  gob ;  and  back  of  these  connect- 
ing-roads the  gangways,  E  and  H,  are  abandoned,  so  that  the  fast- 
end  gangway,  C,  is  the  only  one  kept  open  through  its  entire  length. 
The  gangways  in  the  soft  ore  are  timbered  and  lagged  on  sides  and 
top,  but  in  the  hard  limestone-ore  and  in  the  block-ore  it  is  gener- 
ally necessary  to  timber  the  sides  only,  as  the  roof  is  of  good  slate 
or  sandstone. 

The  props  are  placed  2  to  6  feet  apart,  the  distance  depending 
upon  the  nature  of  the  roof.  In  the  hard  fossil-ore  and  in  the 
block-ore  the- breasts  are  not  timbered,  excepting  when  necessary  to 
protect  the  chutes,  as  the  gob  fills  up  the  space  and  supports  the 
top.  In  the  soft  fossil-ore  small  props,  3  to  5  inches  in  diameter, 
are  used  to  keep  up  the  top,  as  the  gob  does  not  fill  more  than  one- 
third  of  the  Vacant  space.  Heavy  timbers  are  usually  placed  along 
all  chutes.  The  timber  is  furnished  by  the  company,  but  the 
miners  set  it,  both  in  the  breasts  and  along  the  gangway ;  and  as  it 
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is  cut  on  the  property  of  the  company,  the  expense  of  timbering  is 
very  small. 

All  general  work,  such  as  track-laying,  the  clearing  away  of 
"  falls,^'  etc.,  is  done  by  miners,  detailed  for  each  separate  piece  of 
work,  instead  of  by  ^^  company  hands,^'  as  is  ordinarily  done,  and 
for  such  work  the  miners  are  paid  per  diem.  The  machinery  used 
about  the  mines  is  generally  of  the  simplest  kinds.  All  drilling  is 
done  by  hand,  and  the  ventilation  is  secured  by  natural  draft 
through  chimneys. 

In  the  drifts,  the  cars  are  either  pushed  by  hand  or  hauled  by 
mules  to  the  mouth,  where  the  ore  is  dumped  into  wagons  and  hauled 
down  the  mountain  by  teams  to  the  furnace  stock-pile,  or  to  the 
drying-pile. 

In  the  slopes,  the  mine-cars  are  hoisted  to  the  top  by  second- 
motion  engines,  and  then  run  to  a  platform  above  the  tracks  of  the 
Frosty  Valley  railroad  and  dumped  into  the  cars  on  the  track  below 
by  means  of  a  chain,  which  is  hooked  to  the  back  end  of  the  car, 
and  raised  by  a  vertical  hand-windlass.  Fig.  12  shows  the  device 
used  for  turning  the  mine-cars  from  the  gangway  on  to  the  slope. 
One  of  these  shifting  turn-tables  was  used  at  each  lift  along  the 
slope.  It  consists  of  a  flat  car.  A,  on  which  is  a  turn-table,  the  car 
when  not  in  use  being  run  into  the  room,  B,  cut  out  of  the  top-rock 
of  the  slope. 

The  car  is  run  into  the  position.  A',  over  a  bridge,  C,  C,  the  end, 
C,  of  which  can  be  raised  and  lowered  by  means  of  hinges  placed 
at  C,  so  that  when  not  in  use  the  bridge  is  raised,  and  does  not 
interfere  with  traffic  on  the  slope.  The  tracks  on  the  bridge,  when 
in  the  position,  C,  C,  are  below  the  level  of  the  gangway  tracks,  so 
that  with  the  car  at  A^,  the  tracks  on  the  car  connect  with  the  gang- 
way tracks.  The  tracks  running  lengthwise  along  the  car  A  are 
turned  up  at  the  end  and  flattened,  so  that,  when  at  A',  they  con- 
nect with  the  tracks  along  the  slope.  To  use  the  turn-table,  the 
bridge  is  lowered,  the  car  A  run  into  the  position  A',  and  the 
mine-car  run  from  the  gangway  on  to  the  table,  w-hich  is  turned 
through  90  degrees,  thus  bringing  the  car  into  the  direction  of  the 
slope,  when  the  hoisting-rope  is  attached  and  the  car  is  hoisted  to 
the  top.  The  turn-table  is  then  run  back,  the  bridge  is  lifted,  and 
the  slope  is  open  for  hoisting  from  the  lower  levels. 

The  mine-cars  are  2  feet  deep,  4  feet  long,  and  3^  feet  wide,  and 
hold  about  one  ton  of  ore,  a  cubic  yard  weighing  about  one  ton. 
The  gauge  is  30  inches  and  the  wheels  are  14  inches  in  diameter, 
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If  inches  bore,  and  are  loose  upon  the  axle.  The  slope  mine-cars 
have  a  gauge  of  36  inches,  and  wheels  16  inches  in  diameter.  The 
average  cost  of  mine-cars,  about  1877,  was  $50  each. 
•  The  Frosty  Valley  railroad  runs  from  the  Grove  slope  past  the 
Frosty  valley  and  Pursel  slopes,  past  the  limestone  quarries  of  the 
company,  and  along  the  west  bank  of  Mahoning  creek  to  the  fur- 
naces and  rolling-mills  of  the  Montour  Iron  Company,  in  Danville, 
a  distance  of  6  to  6  miles.  The  road  has  a  gauge  of  40  inches,  and 
was  built  in  1860  by  MAsrs.  Waterman  and  Beaver  to  carry  the 
ore  and  limestone  to  the  furnaces.  The  railroad  ore-cars  hold  about 
4  tons  and  are  of  two  kinds,  a  drop-bottom  car  for  the  soft  ore  and 
a  solid-bottom  car  for  the  hard  ore. 

Cost  of  Mining. 

For  breast-work,  miners  are  paid  by  the  ton  and  for  gangway-work 
they  are  paid  tonnage  and  yardage. 
Tonnage  payments  depend  upon : 

1.  The  nature  of  the  ore. 

2.  The  height  of  the  breast. 
Yardage  payments  depend  upon  : 

1.  The  nature  of  the  ore. 

2.  The  kind  of  gangway. 

Since  the  nature  of  the  ore  in  the  fossil-beds  and  the  height  of 
breasts  vary  so  irregularly,  it  is  almost  impossible  to  give  exact 
figures  which  will  have  much  value;  so  that  chiefly  ratios  will  be 
given.  Upon  a  basis  of  one  dollar  per  ton  for  raining  block-ore, 
the  following  are  about  the  prices  paid  during  the  past  15  years : 

Block-ore  per  ton, $1.00 

Block-ore  per  yard,  fjist-end  gangway, 4.00 

Block-ore  per  yard,  loose-end  gangway, 1.70 

Hard  fossil -ore  per  ton, 0.95 

Hard  fossil-ore  per  yard,  fast-end  gangway,     ....  6.25 

Hard  fossil  ore  per  yard,  loose-end  gangway,    ....  2  40 

Unskilled  labor  per  day, 0.73 

Since  "soft  ore"  is  a  relative  term,  it  might  be  misleading  to 
state  exact  values  for  it,  but  one-third  to  one-half  the  price  per  ton 
paid  for  hard  ore  may  be  taken  as  a  fair  approximation.  Upon  the 
same  basis  as  the  preceding,  the  mixed  ores  delivered  at  the  stock- 
house  cost  $1.37  per  ton.  During  the  past  15  years,  the  price  paid 
for  mining  block-ore  has  varied  from  $2.60  to  $1.60  per  ton. 
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One  ton  per  day  for  each  man  working  in  a  breast  is  considered 
an  average  output  for  a  shift  of  10*  hours.  The  miner  pays  his 
laborer,  or  laborers,  per  diem,  at  the  above  rate.  In  gangway-work 
the  average  rate  of  advance  was  16  feet  per  month  for  loose-end 
gangways  and  7  feet  per  month  for  fast-end  gangways. 

Owing  to  the  many  conditions  affecting  the  rate  of  advance  along 
the  gangways,  it  was  necessary  to  employ  a  system  of  "  allowances '' 
in  payment  of  gangway-yardage  so  as  to  equalize  as  nearly  as  possible 
the  pay  of  gangway-miners. 

When  mining  upon  leased  property,  the  following  royalties  were 
paid  per  ton  of  2240  lbs. 

Per  tOD. 

Hard  ore, $0.25 

Soft  ore, 0.50 

Limestone, 0.1 2| 

For  much  of  the  data  contained  in  this  paper,  I  am  indebted  to 
Professor  Edward  H.  Williams,  Jr.,  who  allowed  me  to  make  use 
of  his  notes,  secured  while  the  mines  were  still  in  operation;  also  to 

• 

Mr.  R.  K.  Polk,  formerly  Assistant  Superintendent  of  the  Montour 
Iron  Company,  and  in  charge  of  the  mines  when  they  were  aban- 
doned, who  personally  aided  me  in  securing  information* 


THE  UTILIZATION  OF  PUDDLE^  AND  BEHEATING- SLAGS 

FOB  PAINT-STOCK 

BY  AXEL  SAHUN,   M.E.,  NEW  YORK  CrTY. 
(Glen  Stimmit  Meeting,  October,  1891  ^ 

Since  the  days  of  the  infaqcy  of  metallurgical  indnstries,  slags  of 
various  kinds  have  been  accumulating.  Until  a  comparatively  re- 
cent date  hardly  any  employment  had  been  found  for  these  waste 
products,  which  have  had,  consequently,  little  or  no  value.  An  ex- 
ception to  this  rule  is  the  basic  Bessemer  slag,  the  value  of  which 
has  become  universally  recognized.  It  is  to-day  one  of  the  standard 
fertilizers  of  the  world,  and  a  price  of  from  $15  to  $20  a  ton  is  con- 
sidered reasonable  for  the  ground  slag,  which,  especially  in  Germany, 
finds  a  ready  market  as  fast  as  it  is  prepared. 

The  slags  from  puddling  and  re- heating  furnaces  have  only  found' 
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use  hitherto  as  a  low-priced  •  ore.  The  density  and  unchangeable 
nature  of  these  slags  have,  however,  recently  opened  for  them  a  new, 
though  limited,  field,  where  they  can  command,  in  a  powdered  state, 
almost  twice  the  price  of  the  famous  basic  Beasemer  slag,  namely,  as 
paint-stock.  The  first  experiments  with  slags  for  this  purpose  were 
made  at  Pullman,  111.,  about  five  years  ago.  A  plant  was  built  for 
the  grinding  and  subsequent  treatment  of  slag ;  patents  covering 
the  idea  and  mode  of  preparation  of  slag-paints  were  secured,  and  a 
fair  degree  of  success  was  attained.  Great  difficulty  was  encoun- 
tered, however,  in  getting  the  slag  reduced  uniformly  to  sufficient 
fineness. 

Burr-stones  and  impact-mills  of  various  descriptions  were  success- 
ively tried.  While  the  grinding-parts  of  the  apparatus  were  new 
and  sharp,  a  fair  article  was  produced,  but,  as  the  parts  wore  down, 
the  product  became  coarser  and  unfit  for  paint-stock.  Later,  a  very 
crude  machine,  on  the  principle  of  the  Cyclone  pulverizer,  was  intro- 
duced with  good  results.  The  capacity  of  the  plant  was  greatly  in- 
creased, and  the  product  was  at  all  times  uniform  ;  but  the  handling 
of  this  class  of  machinery  was  so  little  understood,  and  the  machine 
was  so  crude  in  construction,  that  the  finest  dust,  which  is  the  most 
valuable  part  of  the  product,  was  wasted.  Nevertheless,  a  large 
quantity  of  serviceable  paint-stock  was  made,  and  enough  attention 
was  called  to  the  new  material  to  cause  the  paint-trade  to  acknowl- 
edge its  value. 

For  reasons  in  no  way  reflecting  on  the  technical  success  of  slag- 
paint,  the  Pullman  plant  was  eventually  put  out  of  operation,  and 
no  more  slag  was  ground  until  1889,  when  a  company  was  formed, 
the  patents  were  bought,  and  a  plant  for  the  purpose  of  making  slag- 
paint  was  erected  at  Boouton,  N.  J.,  where  water-power  and  large 
deposits  of  puddle-  and  heating-cinder  were  available.  Samples  of 
these  slags  have  shown  a  chemical  composition  as  follows : 


71.290 


Paddle-slag.  Heating-olnder. 

FeO, 62.4301 

FejO,, 19.620  i 

MnO, 6.410  0.210 

CaO, 0.810  

A1,0„ 0.880  7.780 

♦  8iO„ 16.390  20.060 

PjOj, 3.840  0^0 

Of      •        .        •        .        .        .        .        •       «•••••  tr&cc 

The  heating-cinder  has  so  far  been  preferred  on  account  of  its 
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'  being  io  better  meohanical  shape  and  cleaner,  and  aW  on  account 
of  higher  SiO^ ;  but  both  slags  make  very  good  paiDt-stock. 


The  slag  ie  croahed  in  an  ordinary  Blake  crusher  to  pass  a  j-inch 
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wire  screen,  an^  is  then  conveyed  to  the  grinding-machine  by  an 
elevator  and  an  8-inch  screw  conveyor.  The  disintegrating  machine 
is  a  24-inch  Cyclone  pulverizer,  shown  by  Fig.  1,  It  consists  of  two 
24-inch  steel  fans,  working  face  to  face  near  the  bottom  of  a  steel- 
lined  iron  chamber,  at  a  speed  of  2400  revolutions  per  minute.  The 
fan-blades  are  made  of  3^  x  f  inch  Bessemer  steel,  cut  10  inches 
long  and  twisted  at  the  middle  to  an  angle  of  35°  from  the  plane  of 
rotation.  They  are  firmly  held  between  two  disks,  constituting  the 
hub  of  the  fans,  and  are  pitched  forward  15°  from  the  radial  line, 
thus  having  a  tendency  to  throw  particles,  with  which  they  collide, 
towards  the  center  of  the  opposite  fan,  and  partially  counteracting 
the  centrifugal  force. 

The  crushed  slag  is  dropped  at  a  uniform  rate  in  the  center  of  the 
pulverizing-chamber  by  an  adjustable,  automatic  tumbler-feed,  and 
is  caught  in  the  vortex  of  air-currents  created  by  the  revolving-fans. 
The  different  pieces  are  violently  dashed  or  rubbed  against  each  other, 
and  occasionally  receive  a  new  impetus  by  striking  against  the  fans 
or  the  sides  of  the  chamber,  whence  they  again  rebound  and  start 
on  their  rapid  course  to  destruction  and  disintegration.  A  particle 
of  slag  suspended  between  the  fans,  assuming  it  to  remain  motion- 
less, would  be  passed  by  a  fan-blade  with  its  accompanying  air- 
current  480  times  a  second,  or  28,800  times  each  minute.  The  effect 
can  readily  be  imagined.  Quicker  than  thought  the  lumps  of  hard 
slag  are  converted  into  smoke,  or  dust,  so  fine  that  it  floats  in  the 
air.  It  will  thus  be  seen  that  this  pulverizer  acts  mainly  by  con- 
cussion and  attrition,  but  also,  to  some  extent,  by  impact,  wtiich 
manifests  itself  by  the  wear  on  the  fan-blades.  The  amount  of  wear 
on  these  blades,  however,  does  not  in  any  way  influence  the  fineness 
and  evenness  of  the  product,  which  is  controlled  entirely  by  the 
velocity  of  the  air  passing  through  the  chamber  and  by  the  buoy- 
ancy of  the  particles.  This  circumstance  makes  the  pulverizer  above 
described  invaluable  for  grinding  paint-stocks,  or,  in  fact,  any  other 
material  for  which  an  absolute  fineness  is  demanded. 

Nevertheless,  it  has  been  important,  economically,  to  reduce  to  a 
minimum  the  wear  on  the  fans,  which  are  the  only  wearing-parts  of 
the  machine  periodically  requiring  renewal.  A  short  review  of  the 
materials  successively  tried  for  blades  may  be  of  interest.  The  first 
was  wrought-iron.  Though  very  cheap  in  first  cost  and  easily  made 
up  into  shape,  it  wore  so  rapidly  that  it  was  discarded,  and  the  oppo- 
site extreme,  chilled  cast-iron,  was  substituted.  Of  all  materials 
ever  tried,  no  other  has  stood  so  much  wear  as  this ;  but  its  brittle- 
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Dees  endangers  the  machine,  since  if  one  blade  should  break,  the 
whole  twelve  are  very  apt  to  go,  and  the  shafts  may  be  sprung.   This 
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material  was,  therefore,  reluctantly  abandoned.  High-carbon  tool- 
steels  were  tried  next,  being  tempered,  annealed,  and  hardened  in 
different  ways  for  different  tests,  but  they  have  not  shown  sufficient 
durability  to  justify. the  high  initial  cost.  Chrome-steel  has  done 
better,  and  in  fact  answers  very  well  for  grinding  many  materials 
where  discoloration  has  to  be  guarded  against ;  but  it  is  difficult  to 
handle,  and  even  in  cases  where  it  is  otherwise  satisfactory,  its  high 
price  is  a  serious  objection.  Hadfield  steel,  containing  about  13  per 
cent,  of  manganese,  has  given  promise  of  excellent  results,  but  the 
samples  made  at  different  works  in  this  country  have  been  unreli- 
able and  unsound ;  the  only  good  castings  obtained  of  this  wonderful 
paradox  have  been  imported  from  England.  The  Hadfield  steel 
has,  in  some  cases,  shown  a  wearing-capacity  almost  equalling  that 
of  cast-iron ;  and  the  fact  that  car-wheels  made  of  it  are  reported  to 
last  longer  than  even  chilled-iron  wheels,  gives  good  ground  for  the 
hope,  that  this  material,  when  better  known,  will  be  largely  intro- 
duced in  the  place  of  chilled-iron  in  crushing-  and  grinding-ma- 
chinery  in  general.  At  present  the  price  places  it  out  of  reach  com- 
mercially. 

Finally,  it  has  been  concluded  that,  for  general  use,  ordinary  Bes- 
semer steel,  with  0.30  to  0.40  carbon,  is  about  the  most  economical. 
On  soft  materials  it  stands  very  well,  and  on  hard  materials  the  cost 
of  renewals  is  moderate.  On  raw  heating-cinder,  one  set  of  blades 
pulverizes  about  28,000  pounds,  making  the  present  cost  of  renewals 
17  cents  per  ton.  As  the  grinding  enhances  the  value  of  the  slag 
at  least  $20  a  ton,  this  is  [lot  a  heavy  tax,  especially  when  the  exces- 
sive fineness  of  the  product  and  the  hardness  of  the  slag  are  consid- 
ered. On  the  calcined  slag  described  below,  one  set  of  blades  has 
been  in  use  for  nine  weeks  without  renewals. 

Fig.  2  shows  the  arrangement  of  the  plant  for  feeding  the  pulver- 
izer and  for  drawing  off,  separating,  and  collecting  the  dust.  A  con- 
veyor from  the  crusher  delivers  the  slag  into  a  hopper  placed  above 
the  feed-box,  whence  it  is  automatically  delivered  into  the  pulverizer 
and  ground  in  the  manner  above  described.  Dust-laden  air  is  con- 
stantly drawn  off  from  the  top  of  the  pulverizer  by  means  of  an  ex- 
haust-fan, placed  at  the  opposite  end  of  a  long  and  narrow  chamber, 
connecting  with  the  top  of  the  pulverizer.  This  chamber  is  32  feet 
long,  3  feet  wide,  and  11  feet  high.  It  is  perfectly  open  and  unob- 
structed from  one  end  to  the  other.  In  passing  through  this  space 
the  air  gradually  drops  the  coarser  dust ;  the  larger  particles  settle 
sooner  than  the  smaller  ones,  and  thus  is  given  a  means  for  forming 
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a  BeparatioD  more  perfect  than  that  of  any  bolting-process.     Along 
the  hoppered  bottom  of  the  chamber  nine  a  double  flight  of  6-inch 


screw-conveyors.   The  upper  flight  carries  away  from  the  pulverizer, 


392        UTILIZATION   OF   PUDDLE-   AVD   RE-HEATING-SLAGS. 

the  lower  line  returns  to  it.  At  intervals  of  2  feet  are  gates,  which, 
when  open,  pat  the  upper  flight  of  the  conveyor  in  communication 
with  the  lower  one.  Suppose  that  a  gate  10  feet  away  from  the  pul- 
verizer is  open  ;  then  all  the  slag  that  settles  between  this  gate  and 
the  pulverizer  is  dropped  into  the  lower  conveyor  and  returned  for 
re-grinding,  while  that,  which  settles  beyond  the  10-foot  gate,  is  car- 
ried on  and  delivered  at  the  end  of  the  chamber,  whence  it  is  run 
into  a  receiving-barrel,  and  is  ready  for  use.  Should  now  the  pro- 
duct prove  too  coarse,  this  is  corrected  by  successively  opening  the 
gates  12  feet,  14  feet,  16  feet,  and  so  on,  away  from  the  pulverizer, 
until  the  proper  grade  is  obtained. 

This  arrangement  is  working  in  the  most  satisfactory  mander  on 
slag.  The  settling  can  be  adjusted  also  by  means  of  a  cone-pulley, 
varying  the  speed  of  the  40-inch  exhaust-fan,  and  thus  changing  the 
rapidity  of  the  air-current. 

On  reaching  the  fan,  the  air  still  holds  suspended  about  40  per 
cent,  of  the  dust  originally  carried,  and  this  is  the  very  finest  and 
most  valuable.  To  recover  this,  the  exhaust  from  the  fan  is  blown 
into  a  large  dust-proof  room,  where  the  air-current  is  completely 
arrested.  This  room  may  be  made  of  any  shape  that  will  suit  the 
building.  In  Fig.  2  it  is  shown,  for  the  sake  of  clearness,  as  a  cir- 
cular canvas  chamber,  while  in  reality  it  is  of  irregular  shape,  con- 
forming with  the  slope  of  the  roof,  and  placed  at  the  side  of  the  set- 
tling-chamber. The  form  is  immaterial.  What  is  wanted  is  a  large 
cubic  capacity.  No  baffling-screens  or  centrifugal  dust-arresters  will 
clean  the  air  as  effectually  as  a  dead  calm  and  plenty  of  room. 

In  the  plant  illustrated,  when  adjusted  to  grind  to  225-me8h  size, 
the  air  passes  through  the  settling  chamber  in  about  25  seconds, 
while  the  same  air  remains  in  the  dust-room  120  seconds,  at  the  end 
of  which  time  it  is  comparatively  free  from  dust.  Return-pipes,  12 
inches  in  diameter,  then  lead  the  same  air  back  to  the  bottom  of  the 
machine  to  carry  ofl^  a  new  load  of  ground  material.  In  'the  pul- 
verizer and  settling-chamber  a  vacuum  of  about  1  to  1^  inches  of 
water,  and  in  the  dust-room  a  pressure  of  nearly  1  inch,  are  main- 
tained. A  revolving  scraper  at  the  bottom  of  the  dust-room  carries 
the  collected  dust,  which  amounts  to  about  320  pounds  per  hour, 
through  a  slot  in  the  floor,  and  drops  it  into  a  receiving-barrel.  This 
dust  is  so  fine  that  it  cannot  be  measured  by  screens,  and  is  good 
enough  for  any  high-grade  paint.  When  mixed  with  linseed  oil  and 
ground  on  an  ordinary  burr  mill,  it  makes  up  into  a  dark  olive-green 
color,  so  neutral  in  its  tint  that  an  addition  of  from  3  to  16  per 
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cent,  of  coloring- matter  will  change  it  into  a  bright  blue,  yellow, 
drab,  or  glossy  black. 

While  thus  about  40  percent,  of  the  slag  is  directly  available,  the 
remaining  60  per  cent.,  collected  in  the  settling-chamber  and  ground 
to  a  fineness  of  about  225  mesh,  is  used  for  producing  the  durable 
shades  of  dark  red  known  as  the  Pennsylvania,  Lake  Erie,  New 
York  Central,  and  other  railroad  standards. 

For  this  purpose  1000  pounds  of  ground  felag  are  mixed  with  from 
170  to  200  pounds  of  66°  B.  sulphuric  acid  (specific  gravity,  1.83). 
The  quantity  of  acid  is  governed  by  the  shade  desired  in  the  finished 
product.  The  mixing  is  done  first  by  hand  and  then  in  a  Chaser 
mill.  When  thoroughly  mixed  the  slag  is  put  away  in  a  bin  to 
"  sweat.''  The  chemical  reaction  is  manifested  by  a  rise  in  temper- 
ature to  from  240°  to  250°  Fahr. 

The  slag  consists  mainly  of  silicate  of  protoxide  of  iron,  and  the 
sulphuric  acid  naturally  expels  the  weaker  silicic  acid,  forming  a  sul- 
phate of  protoxide  of  iron.  If  roasted  with  admission  of  air,  this 
sulphate  is  dissociated  into  free  sesquioxide  of  iron  and  sulphurous 
acid,  which  latter  i^  drawn  off. 

The  sweating  occupies  about  four  days,  and  is  accompanied  by  the 
escape  of  steam  and  a  greenish  discoloration  of  the  slag.  When  re- 
action ceases,  500  pounds  of  the  mass  is  charged  into  each  retort  of 
the  calcining  furnace,  shown  in  Fig.  3.  This  furnace  is  fired  with 
crude  oil,  air  for  combustion  being  supplied  under  pressure  by  a  Baker 
blower.  The  retorts  are  heated  to  cherry-red,  and  the  slag,  while 
being  roasted,  is  agitated  so  as  to  bring  it  in*  contact  with  the  air 
necessary  for  rapid  oxidation.  At  the  end  of  from  three  to  four  hours 
the  heavy  dark  slag  has  changed  into  a  light,  flaky,  red  mass  that  is 
somewhat  pasty.  When  the  litmus-paper  test  shows  that  the  acid  is 
entirely  evaporated,  the  slag  is  cooled  down  and  passed  through  a 
second  Cyclone  pulverizer  similar  to  the  one  described.  The  only 
difference  in  the  grinding  is,  that  the  whole  product  is  now  reduced 
fine  enough  for  the  highest  grade  of  paint,  thus  leaving  no  second 
residue.  The  pulverizer  reduces  about  800  pounds  of  calcined  slag 
per  hour. 

The  pulverizing-plant  at  Boonton,  which  consists  of  two  mills, 
one  running  on  raw  and  one  on  calcined  slag,  has  a  capacity  of 
from  10,000  to  12,000  pounds  of  paint-stock  per  day  of  ten  hours. 

This  plant,  though  in  some  respects  rudimentary,  like  all  pioneer 
establishments,  has  in  it  all  the  requirements  for  successful  opera- 
tion, and  its  products  are  receiving  the  acknowledgment  and  appro- 
val of  the  paint- trade  and  of  consumers. 
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The  slag-paiots  are  remarkable  for  their  durability,  body,  gloss 
and  covering  capacity,  and  for  the  stubboriiess  with  which  they  resist 
all  chemical  reaction.  They  are  cheap  in  price  and  uniform  in  fine- 
ness as  in  composition ;  the  raw  material  is  available  in  great  abun- 
dance and  at  a  nominal  cost ;  and,  as  their  superiority  and  the  simple 
methods  of  preparing  them  become  better  understood,  there  is  no 
reason  to  doubt  that  they  might  be  universally  used,  and  might  form 
a  most  valuable  by-product  of  the  iron  industry. 


MINING  IN  BOND  UBAS, 

BY  W.    A.   TEACHER,   LSADVILLE,  COLO. 

(Glen  Summit  Meeting,  October,  1891.) 

Nearly  three  years  of  experience  in  Spanish  Honduras  has 
placed  the  writer  in  possession  of  many  facts  concerning  its  resources 
which  may  be  of  interest  to  the  Institute. 

According  to  the  most  trustworthy  surveys,  Honduras  is  bounded 
on  the  north  and  east  by  the  Caribbean  Sea;  southeasterly  by  the  river 
Segovia  (or  Wanks),  which  flows  into  the  Caribbean  at  a  point 
called  Cabo  Gracias  a  Dios  (Cape  Thanks  be  to  God),  long  famous 
as  the  favorite  hiding-place  of  the  celebrated  pirate,  Morgan ;  south- 
wardly by  a  corner  of  San  Salvador,  the  Bay  of  Fonseca,  and  the  Re- 
public of  Nicaragua ;  Guatemala  and  San  Salvador  form  the  west- 
ern boundary.  It  is  one  of  the  five  republics  composing  Central 
America,  has  a  population  of  about  340,000  and  an  area  of  160,000 
square  miles,  lying  between  the  13th  and  16th  degrees  of  N.  lati- 
tude, extending  from  north  to  south  200  miles,  between  the  Atlantic 
and  Pacific,  and  400  miles  from  east  to  west,  between  Guatemala 
and  Cape  Gracias  a  Dios.  It  is  composed  of  13  States  or  Depart- 
ments, under  one  common  law.  The  principal  resources  are  valuable 
woods,  hides,  rubber,  tobacco,  coffee,  fruit,  cattle,  silver  and  gold. 
It  is  of  the  mineral  resources  of  the  country  that  I  will  speak,  call- 
ing attention  to  the  most  noted  mines,  and  their  relative  position  to 
Tegucigalpa,  the  capital. 

The  introduction  of  foreign  capital  into  the  country  dates  back 
about  eleven  years,  and  to-day  there  are  at  least  twenty-five  well 
organized  companies. 
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The  New  York,  Honduras  and  Rosario  Mining  Company. — ^This 
company  is  incorporated  under  the  laws  of  New  York,  with  150,000 
shares,  at  $10  a  share.  ^  The  property  is  about  seven  leagues  from 
Tegucigalpa,  on  the  side  of  a  high  N.  and  S.  range  of  mountains, 
about  7000  feet  above  sea-level,  and  about  1200  feet  above,  and 
two  miles  distant  from,  a  small  village  of  about  1000  inhabitants, 
called  San  Juancito.  The  mine  is  on  a  gold-  and  silver-bearing 
quartz  vein,  from  3  to  15  feet  wide,  running  northwest  and  south- 
east, and  dipping  south.  The  foot-wall  is  mainly  a  volcanic  green- 
stone ;  the  hanging-wall  principally  siliceous  slate.  The  walls  are 
hard  and  require  but  little  timbering.  The  gangue  is  quartz,  more  or 
less  copper-stained.  The  richest  part,  with  few  exceptions,  lies  next 
to  the  hanging-wall.  The  ore  assays  about  $40  to  the  ton,  and  the 
mine  gives  employment  to  about  200  workmen,  who,  except  the  fore- 
man, drill-men  and  machinists,  are  natives.  The  ore  is  transported 
by  means  of  a  4000-feet  endless  steel  cable  from  the  mine  to  the  mill 
(which  has  thirty-five  800-lb.  stamps),  crushed  by  Dodge  breakers, 
stamped,  and  run  over  copper  plates.  From  there  it  goes  to  the 
pans,  being  amalgamated  in  the  usual  way,  and  the  tailings  are  run 
over  Frue  vanners.  The  concentrates  are  then  roasted  in  rever- 
beratory  furnaces  and  amalgamated  in  special  pans.  I  understand 
that  it  is  intended  to  put  the  concentrators  directly  behind  the  bat- 
teries. The  mill  is  driven  entirely  by  water-power  obtained  from  the 
San  Juan  and  Escobales  rivers,  the  water  being  carried  through  a 
flume  nearly  3000  feet  in  length,  thence  down  the  mountain-side  in  a 
16-inch  wrought-iron  tube,  and  discharged  on  an  8-feet  Pelton  wheel. 
This  company,  the  oldest  established  one  in  Honduras,  is  well 
equipped  with  all  modern  tools,  having  a  complete  machine-shop, 
a  first-class  saw-mill,  foundry,  and  all  necessary  wood-working 
machinery. 

The  Los  Angeles  Mining  and  Smelting  Company. — This  company 
is  incorporated  under  the  laws  of  New  York,  with  a  capital  of 
$1,500,000.  The  property  consists  of  the  Animas  and  California 
mines,  about  two  miles  from  the  town  of  Valle  de  Angeles  (Valley 
of  the  Angels),  and  twenty  miles  from  Tegucigalpa.  The  Animas 
mine  is  a  flat  or  "  blanket- vein, ^'  having  a  dip  of  from  9  to  20  de- 
grees to  the  south.  The  vein  is  several  feet  wide,  with  a  foot-wall 
of  quartzite  conglomerate.  The  pay-streak,  or  mineralized  zone, 
varies  in  thickness  from  1  to  5  feet.  Prior  to  its  purchase  by  the 
present  company,  it  had  been  worked  for  many  years  by  the  natives, 
the  ore  having  been  extracted  so  as  to  leave  a  perfect  system  of  pillars 
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to  support  the  roof,  instead  of  timbering.  The  mine  is  very  well 
developed,  having  several  thousand  tons  of  ore'  in  sight,  and  the  vein 
is  proved  for  700  feet  in  length.  The  ore  is  argentiferous  galena, 
carrying  a  large  percentage  of  zinc-blende  and  pyrite.  The  assay- 
average  is  about  $60  in  silver  and  30  per  cent.  lead.  The  reduction- 
works  are  at  the  head  of  the  Valle  de  Angeles,  about  a  mile  and  a 
half  below  the  mines.  Here  the  Company  has  laid  out  a  very 
pretty  town-site,  and  built  comfortable  houses  for  the  men.  The 
smelter  consists  of  two  15-ton  water-jacket  blast-furnaces,  one  large 
cupel-furnace,  three  Baker  blowers,  etc.  The  works,  which  are  in 
charge  of  Mr.  N.  A.  Foss,  are  among  the  few  that  have  been  run- 
ning continually  and  successfully.  Recently  they  have  been  selling 
their  bullion  to  the  Government  Mint  of  Honduras,  and  as  it  con- 
tains no  gold,  they  realize  as  much  from  it  as  they  would  by  shipping 
it  to  the  United  States. 

ITie  Opoteca  Mine. — The  ore-deposits  of  Opoteca  are  no  doubt 
among  the  most  important  mineral  resources  of  Honduras,  and 
the  work  done  by  the  old  Spaniards  shows  that  immense  quantities 
of  ore  have  been  extracted  from  them.  Owing  to  the  downfall 
of  the  mining  industry  after  the  declaration  of  Oentral  Americau 
independence,  these  mines  were  left  idle  up  to  1887,  when  a  conces- 
sion was  granted  to  private  individuals.  The  location  is  in  the 
Department  of  Comayagua,  near  the  center  of  the  Republic,  112 
miles  from  the  Pacific,  125  miles  from  the  Atlantic  Ocean,  and 
nearly  75  miles  N.  W.  from  Tegucigalpa.  Indications  and  records 
show  that  these  mines  have  been  worked  for  over  200  years.  Prob- 
ably hundreds  of  thousands  of  tons  of  ore  have  been  extracted, 
milled  and  treated  in  arrastras,  ruins  of  which  are  to  be  seen  on 
many  of  the  streams  near  the  mines.  It  is  impossible  to  ascertain 
the  amount  of  gold  and  silver  that  has  been  extracted.  It  is  said 
that  the  Spaniards  obtained  from  the  selected  ore  an  average  of  from 
$40  to  $50  per  ton.  Very  large  quantities  of  ore  were  rejected,  and 
it  is  estimated  that  200,000  tons  of  ore  are  on  the  old  dumps,  which 
will  yield  from  $10  to  $20  per  ton. 

The  Opoteca  mining  district  seems  to  comprise  a  deposit  of  ore 
extending  a  mile  or  more  in  length,  and  developed  for  more  than  a 
quarter  of  a  mile  in  width,  with  a  depth  in  the  old  mines  of  100  feet 
and  more.  The  country-rock  is  carbonate  of  lime,  in  which  the 
ore  fills  spaces  of  thousands  of  cubic  feet.  It  is  estimated  that  there 
are  several  millions  of  tons  of  ore  in  sight.  The  value  of  the  ore, 
as  shown  by  many  assays,  is  about  $20  in  silver  and  $1  per  ton  in 
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gold,  per  ton  of  2000  lbs.  It  is  rare  that  a  piece  of  high-grade  ore 
is  found  in  any  part  of  the  mine.  The  only  new  work  done  until 
now  is  a  tunnel  driven  200  feet  iir  limestone,  to  tap  the  ore-body 
from  below.  The  ore  mills  freely,  and  contains  sulphurets  and 
native  silver.  The  natural  conditions  are  exceptionally  good,  as 
mining  can  be  done  principally  by  open-cuts,  and  red  notion- works 
can  be  run  by  water.  Opoteca  is  about  2500  feet  above  sea-level, 
and  the  extreme  range  of  temperature  is  from  55°  to  85°  F.  A 
wide,  easy-grade  wagon-road,  from  Tegucigalpa  to  Coraayagua,  and 
thence  to  Santa  Barbara,  passes  within  three  miles,  making  commu- 
nication with  the  surrounding  country  and  affording  good  freighting- 
facilities.  This  road  is  restricted  to  a  12  per  cent,  grade,  and  is  lim- 
ited in  rock-cuttings  to  12  feet  in  width,  but  in  the  more  open 
country  to  5  yards.  It  will  be  continued,  to  make  northern  coast- 
connections. 

Yuscaran. — This  mining  district  comprises  the  mountains  of  Yus- 
caran  and  vicinity.  It  is  situated  45  miles  S.  E.  from  Tegucigalpa, 
90  miles  from  San  Lorenzo,  on  the  Pacific  coast,  and  is  accessible  by 
a*  practicable  wagon-road.  I  will  give  only  a  rough  sketch  of  the 
three  principal  groups  of  mines  in  this  vicinity. 

The  town  of  Yuscaran  is  situated  on  a  spur  of  the  Monserrat 
mountain,  3300  feet  above  sea-level,  having  the  peaks  of  Easpa 
Cola  immediately  on  the  southwest,  which  rises  abruptly  to  an  eleva- 
tion of  6000  feet;  a  descent  of  nine  miles  leads  to  the  valley  which 
drains  this  part  of  the  country,  1500  feet  below  the  level  of 
the  town.  The  mines  lie  principally  on  the  north  side  of  the 
mountain,  old  dumps  being  found  at  altitudes  of  3000  feet  to  6000 
feet  above  sea-level.  The  veins,  with  slight  variations,  run  N. 
of  E.  and  S.  of  W.,  and  are  true  fissures,  carrying  sulphides  of 
silver,  copper,  zinc,  lead,  iron,  etc.,  together  with  antimonial  sul- 
phide of  silver  (dark  ruby),  and  native  silver  in  quartz.  The  ores 
on  the  surface  follow  the  general  rule  and  are  free-milling,  but  as 
depth  is  obtained  become  refractory,  and  require  roasting  before 
amalgamation.  The  country-rock  is  a  variety  of  syenite,  intersected 
by  dykes  of  greenstone,  porphyry  and  basalt. 

Of  the  three  mining  companies  operating  here,  the  Monserrat 
Mining  Co.  owns  a  concession  on  the  higher  part  of  the  mountain, 
containing  a  number  of  veins,  several  of  which  are  within  a  few  feet 
of  each  other,  and  converging  generally  as  they  enter  the  mountain. 
At  an  elevation  of  4500  feet  the  Company  has  driven  a  tunnel  about 
1000  feet  into  the  mountain  on  one  of  the  veins,  but  has  been  work- 
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ing  until  recently  at  a  great  disadvantage,  carrying  the  ore  out  on 
men's  backs  in  tenatea  (leather  bags).  Yet  by  this  means  enough 
ore  has  been  extracted  from  the  veins  to  supply  20  stamps  during 
the  greater  part  of  the  last  year. 

The  company  has  many  veins  which  in  old  times  yielded  rich 
returns,  but  were  abandoned  on  account  of  the  manner  of  working, 
which  was  from  the  surface  downward,  so  that  at  a  certain  depth 
the  water  could  not  be  handled.  In  addition  to  this,  there  was  dif- 
ficulty in  working  the  base  ore,  which  has  been  overcome  by  modern 
methods.  The  mills  are  driven  by  water-power,  of  which  there  is 
an  abundance. 

Messrs.  Zurcher  Bros,  have  driven,  some  1300  feet  below  the 
Monserrat  property,  a  tunnel  about  3700  feet  in  length,  which  enters 
the  mountain  from  the  north,  and  has  cut  sixteen  or  more  veins, 
many  of  which  are  found  to  carry  pay-ore.  They  have  cut  the  vein 
of  the  Novia^  an  old  mine,  and  find  that  large  quantities  of  ore  have 
been  extracted  from  the  upper  workings.  An  air-shaft  is  being  pushed 
from  the  head  of  the  tunnel  to  connect  with  the  workings  above, 
and  to  give  several  hundred  feet  of  stoping-ground.  Meanwhile* 
the  company  is  proposing  to  double  its  capacity,  and  also  to  erect 
large  electric  motors.  By  driving  the  tunnel  a  few  hundred  feet 
more,  the  Monserrat  veins  can  be  cut  some  1800  feet  below  the  lowest 
works  of  that  company.  The  ores  of  this  property  are  similar  in 
character  to  those  of  the  Monserrat. 

Southwest  of  the  Monserrat  is  a  higher  peak,  called  the  volcano  of 
Guinope,  and  composed  of  trachyte,  an  overflow  of  which  has  encir- 
cled the  Monserrat  at  an  elevation  of  3000  feet  above  sea-level,  com- 
ing around  from  each  side  of  the  mountain,  and  entirely  covering 
the  permanent  formation  for  many  feet  in  depth.  On  the  south  side 
this  is  perhaps  1000  feet  in  width.  Below  it  the  syenitic  rocks 
again  appear,  with  their  veins  and  dykes  as  above  described. 

In  this  locality,  east  of  the  trachyte,  is  the  group  of  mines  called 
Guayabillas  (named  aftier  the  wild  guava  plant,  which  grows  herein 
great  abundance).  One  of  these  veins  was  worked  by  an  English 
company  about  half  a  century  ago.  Several  old  natives  have  told 
me  that  they  had  to  shovel  the  gold-amalgam  from  before  the  rocks 
of  the  arrastras,  to  allow  them  to  move.  At  that  time,  no  doubt, 
the  property  was  producing  plentifully,  as  the  records  show  that  the 
neighborhood  was  very  prosperous.  These  veins  are  fissures  contain- 
ing more  or  less  manganese,  silver  and  gold.  Messrs.  Hodding, 
Pilcher  &  Imboden,  the  present  owners,  are  building  a  fine  20-8tamp 
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mill  (10  wet  and  10  dry)  on  the  property,  with  revolving  dryer, 
Howell  roaster  and  Frue  vanners. 

The  Ouadalupe,  Honduras,  Gold  and  Silver  Mining  Co.,  Ltd, — 
This  company  was  organized  in  London,  with  a  capital  stock  of 
$660,000.  The  property  is  in  the  Department  of  Choluteca,  District 
of  Araraicina,  near  a  town  of  the  same  name,  about  30  miles  from 
the  Pacific  coast,  and  about  85  miles  S.  W.  of  Tegucigalpa.  The  vein 
now  worked  runs  N.  W.  and  8.  E.,  and  is  from  4  to  6  feet  in  width, 
the  ore  being  quartz,  with  silver  sulphides,  carrying  more  or  less 
gold.  A  15-stamp  amalgamation  and  concentration  silver-mill  is  in 
course  of  construction,  the  work  being  pushed  with  a  force  of  about 
76  men.  • 

Chiamcaran  Mine, — This  celebrated  silver-mine,  one  of  the  oldest 
in  Honduras,  situated  about  60  miles  from  the  Pacific  and  30  miles 
S.  W.  of  Tegucigalpa,  at  an  altitude  of  about  6000  feet,  has  been 
kept  in  almost  constant  operation  from  its  first  working  up  to  the 
present  time,  and  has  been  continuously  productive.  Its  history 
dates  from  the  times  of  the  early  Spanish  conquerors.  Old  docu- 
ments, preserved  in  the  Government  archives,  show  that  it  was  dis- 
covered in  the  early  part  of  the  16th  century.  A  party  of  Spaniards, 
travelling  from  the  interior  to  the  coast,  and  losing  their  way  while 
crossing  the  steep  mountain  of  Guasucaran,  discovered  among  the 
ashes  of  their  camp-fire  small  globules  of  silver.  Returning  to  Spain 
at  the  first  opportunity,  they  obtained  a  patent  to  work  the  vein  by 
means  of  slave-labor.  On  the  proclamation  of  independence,  in 
1821,  the  then  owner,  Antonio  Rosa,  exiled  himself,  and  the  mine 
was  left  to  the  natives,  who  occasionally  visited  it  to  extract  ore 
from  the  rich  portions  of  the  vein.  In  1860  and  1857  the  mine  was 
worked  by  Capt.  F.  Moore,  who  paid  $60,000  for  the  property.  Mr. 
John  Connor,  who  came  into  possession  in  1860,  and  until  eighteen 
months  ago  was  the  entire  owner,  has  been  working  it  with  good 
success  ever  since,  although  his  milling-plant  was  most  inadequate, 
consisting  of  an  arrastra  and  a  6-stamp  mill,  with  barrels  for  amal- 
gamation. 

The  ore-bodies  of  the  Guasucaran  mine  are  found  in  fissures  and 
contact-veins,  as  follows:  One  vertical  vein,  running  through  the 
center  of  the  mountain,  while  a  second  vein,  of  nearly  horizontal 
dip,  intersects  the  vertical  lode,  forming  large  ore-deposits,  rich  in 
silver.  The  vertical  vein  is  from  3  to  10  feet  wide,  its  gangue  con- 
sisting of  quartz  and  barite,  containing  silver  glance  and  zinc-blende. 
The  country-rock  is  highly  siliceous  trachyte.     The  Guasucaran 
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and  California  Mining  and  Milling  Co.,  formed  in  San  Francisoo 
about  a  year  and  a  half  ago,  h  just  conapleting  a  lO-stamp  lixivia- 
tion-plant,  this  process  being  considered  best  adapted  for  ores  of  this 
character. 

San  Bartolo  Mines. — The  San  Bartolo  grant,  3  by  6  miles  in 
extent,  is  situated  56  miles  N.  of  San  Lorenzo  and  50  miles  S.  W. 
of  Tegucigalpa.  This  property  was  unknown  to  the  Spaniards.  It 
was  discovered  in  1849  by  Don  Cenecio  Andino,  by  whom  it  was 
continually  worked  until  1883.  In  1886  it  fell  into  the  hands  of 
American  mining  men,  but  has  not  been  worked  since  that  time. 
The  vein,  which  is  from  2  to  6  feet  wide,  runs  E.  and  W.  along  the 
mountain  side,  with  a  dip  to  the  north,  and  outcrops  600  to  800  feet 
above  the  bed  of  a  small  river  flowing  parallel  with  the  vein.  The 
ore  is  a  free-milling  quartz,  carrying  black  sulphurets  of  silver  and 
chlorides,  and  yielding  from  $40  to  $100  per  ton. 

I  understand  that  during  the  time  of  Sefior  Andino  over  $300,000 
was  extracted,  even  with  his  crude  way  of  working  the  mine.  The 
same  grant  covers  the  El  Plomo  group  of  mines,  largely  worked  100 
years  and  more  ago. 

Mines  of  San  Andres. — This  group  is  situated  on  the  San  Andres 
mountain,  N.  W.  of  Tegucigalpa,  in  the  Department  of  Copan,  about 
25  miles  S.  W.  of  Santa  Rosa,  and  nearly  50  miles  N.  E.  of  the  line 
of  San  Salvador. 

The  vein-matter  is  a  deoompased  milky-white  quartz,  which  in 
many  places  carries  a  large  percentage  of  oxide  of  iron.  The  forma- 
tion of  the  hanging-wall  is  white  porphyry  and  micaceous  slate. 
The  foot- wall  shows  a  gray  slate,  yellow  porphyry,  and  in  places 
syenite  or  schist.  The  trend  of  the  vein  is  N.  W.  and  S.  E.,  with  a 
dip  to  the  south.  This  is  another  of  the  old  Spanish  mines,  and,  as 
the  records  show,  was  worked  100  years  ago.  The  work  that  has 
been  done  is  enormous.  No  recent  visitor  has  yet  thoroughly  explored 
the  underground  workings,  though  the  property  has  been  examined 
lately  by  three  different  experts,  who  seem  to  agree  very  closely  on 
the  quantity  and  quality  of  ore,  and  pronounce  it  free-milling,  with 
a  yield  of  about  $14  per  ton  of  2000  pounds.  They  report  that  two 
rivers,  which  unite  at  the  foot  of  the  mountains,  will  furnish  jointly 
about  1000  miner's  inches  of  water  the  year  round. 

The  Suyape  Silver  Concession^  Ltd. — This  company  was  recently 
organized  in  Loudon,  with  a  capital  stock  of  $500,000,  to  work  a 
concession  which  contains  a  group  of  mines  about  10  miles  from 
Tegucigalpa.     The  Guadalupe,  one  of  the  mines  in  the  group,  has  a 
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N.  W.  and  S.  E.  coarse,  and  what  is  known  as  the  San  Luis  lode 
crosses  the  Guadalupe  at  right  angles  on  the  east  side  of  the  moun- 
tain. The  country-rock  in  which  these  mines  occur,  is  a  conglomerate 
marl.  The  Ouadalupe  has  been  opened  by  sinking  a  SS-foot  shaft, 
from  which  a  drift  has  been  run  about  70  feet  on  the  vein.  The  vein- 
matter  is  a  white  conglomerate,  impregnated  with  mineral,  and  the 
ore  is  found  both  in  the  quartz  and  in  the  cementing  matter  around 
it.  The  San  Luis  has  been  opened  by  sinking  a  75-foot  shaft  about 
300  feet  from  where  it  crosses  the  Guadalupe.  The  ore  is  about  4 
feet  in  width,  and  of  similar  character  to  that  above  mentioned.  The 
ore  of  both  mines  is  argentiferous  galena  with  zinc-blende,  and  will 
run  about  30  ounces  in  silver  and  12  per  cent.  lead.  The  company 
is  working  a  small  force,  and  proposes  to  develop  the  property 
thoroughly  before  purchasing  any  machinery. 

The  Dob  Hermanos  Mining  and  Milling  Company. — ^This  property 
is  situated  near  a  small  village  called  San  Juan,  in  the  district  of 
Corpus,  in  the  department  of  Choluteca,  and  nearly  due  south  from 
Tegucigalpa.  This  location  gives  it  a  great  advantage  over  most 
others  in  the  republic  for  the  introduction  of  supplies,  etc.  It  is 
about  25  miles  from  a  shipping-point  called  Padregal,  on  the  Cho- 
luteca river,  which  stream  is  navigable  for  light-draft  vessels  up 
to  that  point,  even  in  the  dry  season.  The  Dos  Hermanos  moun- 
tains, from  which  the  mine  derives  its  name,  stand  nearly  in  the 
center  of  the  concession,  and  are  known  to  contain  lodes  and  chim- 
neys of  gold-  and  silver-bearing  quartz.  The  ore  is  a  reddish  iron- 
quartz,  and  is  said  to  average  $16  in  gold  and  $5  in  silver  per  ton. 
Some  experiments  have  been  made,  showing  that  about  65  per  cent  of 
the  gold  can  be  extracted  by  free  milling,  and  the  tailings  concentrated 
up  to  95  per  cent,  of  their  assay  value.  Systematic  mining  is  being 
diligently  pushed,  and  a  40-stamp  mill  is  soon  to  to  be  erected. 

The  WermotUh  Ooruseasion  was  granted  in  1888.  It  is  situated  in 
the  mining  district  of  Minas  de  Oro,  in  the  department  of  Comay- 
agua,  about  80  miles  N.  E.  from  Tegucigalpa.  The  zone  contains 
quartz  veins  and  deposits  of  auriferous  gravel ;  the  latter  in  large 
quantities.  The  principal  vein,  the  Eureka,  has  been  opened  by  five 
levels,  and  the  pay -streak  varies  from  6  inches  to  3  feet.  It  is  found 
to  be  very  pockety,  and  will  assay  about  %\0  per  ton.  The  country- 
nxsk  is  granite  on  the  foot- wall  and  calcspar  on  the  hanging ;  course 
N.  E.  and  S.  W.,  and  dip  N.  W.  about  68^. 

The  ore  is  principally  decomposed  quartz,  carrying  a  large  quantity 

of  oxide  of  iron.    The  gold  is  entirely  free,  and  easily  saved  by 
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ordinary  milling.  The  gravel-deposits  are  now  being  prospected, 
and  it  is  proposed  to  turn  the  river  out  of  its  old  channel.  The  re- 
duction-works consist  of  a  large  arrastra,  driven  by  water-power, 
and  capable  of  reducing  from  10  to  15  tons  of  ore  per  day  of  24 
hours. 

La  Victoria  Mining  and  Milling  Company. — This  concession  is  in 
the  district  of  Santa  Lucia,  in  the  department  of  Tegucigalpa,  and 
about  12  miles  nearly  east  of  the  capital,  the  principal  mines  being 
the  Victoria,  Zopilotiera,  and  Santa  Elena.  The  Zopilotiera  vein  is 
from  3  to  4  feet  wide,  striking  east  and  west,  and  dips  north  from  5 
to  10  degrees.  The  pay-streak,  of  black  decomposed  sulphuret  of 
silver,  is  generally  found  on  the  foot- wall.  The  work  done  by  the 
present  company  on  this  vein  aggregates  about  275  feet.  The  Vic- 
toria vein  is  a  well-defined  fissure,  running  east  and  west,  and  dip- 
ping about  20  degrees  north.  The  ore^and  gangue  are  soft  and 
much  decomposed,  and  the  silver-bearing  minerals  are  arsenical  and 
iron  pyrites  with  ruby  silver.  On  the  Santa  Elena,  considerable 
work  had  been  done  by  the  former  owners,  who  had  proved  the  ex- 
istence of  chimneys  and  irregular  bodies  of  good  ore. 

The  topography  of  this  zone  is  such  that,  in  nearly  every  case, 
mining  can  be  carried  on  above  the  drainage-levels,  the  latter  being 
from  1200  to  1500  feet  below  the  highest  outcrop  of  the  veins.  A 
mill  which  was  to  contain  some  standard  pulverizers,  and  other  ma- 
chinery, was  not  adapted  to  the  treatment  of  these  ores,  and  work 
has  been  stopped  for  an  indefinite  period. 

The  New  Orleans  and  Ouraren  Mining  Works  are  located  in  the 
department  of  Tegucigalpa,  about  75  milte  from  the  city,  nearly  46 
miles  from  the  port  of  Acetuna  on  the  Pacific  coast,  and  nearly  30 
miles  from  the  nearest  telegraph  station  and  post-office.  The  prop- 
erty comprises  two  claims.  La  Victorina  and  Dolores,  together  with 
two  pertenendas  or  extensions.  It  has  been  worked  continually  for 
four  years,  and  is  fairly  well-developed,  its  owners  having  driven 
about  7000  feet  of  drifts  and  tunnels.  They  have  encountered  a  small 
fissure-vein  from  6  inches  to  5  feet  in  width,  well-defined,  carrying 
antimonial  silver-ore,  with  more  or  less  gold,  and  averaging  in  value 
about  $85  per  ton.  The  country-rock  is  porphyritic  and  syenitic.  The 
works  have  a  10-stamp,  free-milling  silver-mill,  with  Frue  vanner. 

7%6  Cuyal  Silver-Mins,  located  on  what  is  known  as  the  South 
coast,  is  only  a  short  distance  from  salt  water,  and  about  90  miles 
from  Tegucigalpa,  near  a  small  village  called  Langue.  The  mine 
has  been  worked  in  a  very  superficial  and  crude  manner  by  natives 
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and  prospectors,  who  have  extracted  hundreds  of  tons  of  ore,  which 
was  reduced  in  small  chimboa  (smelting-furnaces),  this  being  smelt- 
ing-ore,  running  from  50  to  70  percent,  in  lead,  and  JlOO  to  $200 
in  silver  per  ton.  I  understand  from  Mr.  Connor,  the  present  owner, 
that  he  made  one  shipment  of  14  tons  to  Swansea  which  yielded 
$3000.     The  mine  has  produced  about  250,000  ounces  of  silver. 

San  Marcos, — This  grant,  one  league  square,  is  situated  on  the 
road  from  the  capital  to  the  Pacific,  near  the  town  of  Sabana-Grande, . 
being  about  50  miles  from  the  (K)rt  of  San  Lorenzo.  The  principal 
vein  is  a  fissure,  nearly  vertical,  in  porphyry  walls,  and  from  2  to 
5  feet  thick.  It  has  been  worked  for  nearly  3000  feet,  and  to  a 
depth  of  100  feet  to  water.  The  working  of  this  mine  was  con>- 
menced  in  the  year  1579,  or  58  years  afler  the  occupation  of  Central 
America  by  the  Spaniards.  The  ore  is  a  free-milling  quartz,  carry- 
ing sulphuret  of  silver  with  some  gold.  A  lO-stamp  silver-mill  was 
erected  in  1877-8,  and  produced  about  $100,000  until  the  end  of 
1889,  when  the  mine  filled  with  water,  owing  to  lack  of  pumping- 
facilities,  and  has  since  been  idle.  The  battery-assays  during  this 
period  averaged  over  $33  per  ton,  and  the  ore-body  continues  to  de- 
scend.    The  deepest  shaft  has  a  depth  of  240  feet. 

Santa  Lucia. — ^These  mines,  located  about  9  miles  east  of  Tegu- 
cigalpa, 4500  feet  above  sea-level,  were  among  the  first  discovered 
in  Honduras.  All  the  veins  are  said  to  be  fissures,  striking  east  and 
west,  and  dipping  about  70^  Aorth.  The  old  workings  show  that  the 
Spaniards  did  most  on  Mina  Grande,  at  the  western  end  of  the  con- 
cession. This  mine  was  extensively  worked  up  to  the  year  1821, 
at  which  time  a  depth  of  450  feet  had  been  attained,  and  the  mine 
was  abandoned  for  the  want  of  sufficient  ventilation.  It  is  said  that 
these  mines  paid  over  $1,500,000  in  taxes  (or  what  was  known 
as  the  ^*  king's  fifth  ")  to  the  crown  of  Spain,  in  the  reign  of  Philip 
III.  In  1886  this  property  fell  into  the  hands  of  Americans;  and 
in  1888  the  Santa  Lucia  Mining  and  Milling  Company  was  organ- 
ized under  the  laws  of  New  York,  with  a  capital  of  $2,500,000. 
A  concession  was  secured,  1}  miles  wide  from  north  to  south, 
and  3  miles  long  from  east  to  west,  as  shown  by  the  accompany- 
ing map.  A  mill  was  erected,  but  unfortunately  too  far  up  the 
mountain  for  convenience.  I  understand  from  the  manager,  Mr. 
J.  D.  Stevens,  that  he  has  proposed  to  his  company  to  move  the 
mill  to  a  better  site  about  700  feet  further  *down  the  mountain, 
on  a  stream  called  Rio  Chiquito.  Nearly  all  the  veins  on  the 
property  would  be  accessible  to  a  mill  so  located.     I  believe  it  is 
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intended  to  utilize  the  water-power  of  Rio  Cbiqaito  for  running 
the  plant  and  for  lighting  the  works  and  mine  by  electricity.  Dur- 
ing the  time  required  to  remove  the  plant^  the  mine  will  be  opened 
five  or  six  hundred  feet  below  the  present  workings,  which  will  give 
large  blocks  of  ground  for  over-hand  stoping,  and,  according  to  pres- 
ent appearances,  provide  a  sufficient  quantity  of  ore  for  a  long  time 
to  come. 

Of  the  twenty-six  known  veins  on  the  property,  those  with  which 
the  company  is  most  familiar,  and  where  most  of  the  work  for  the 
past  two  years  has  been  done,  are  the  Teroero,  Los  Chanchos,  Santa 
Ana,  and  Blanco.  These  have  all  been  extensively  worked  at  levels 
above  the  present  elevation  of  the  mill.  Further  up  the  mountain 
occur  the  Guachupulin,  San  Francisco,  Mercedes,  El  Pais,  Gatal,  San 
Juan  Palo,  and  Santa  Lucia  mines ;  all  of  which  seem  to  lie  parallel 
to' the  large  veins  below. 

A  new  cross-cut  tunnel,  over  700  feet  long,  at  the  mill-level,  has 
recently  been  completed.  It  cuts  one  of  the  large  veins.  Over  300 
feet  of  drifting  has  been  done  on  this  vein,  and  large  bodies  of 
high  grade  ore  are  exposed,  ready  for  stoping.  They  carry  iron 
pyrites,  black  sulphurets,  brittle  and  ruby  silver,  and  a  trace  of  gold. 
About  100  feet  in  the  drift  from  the  head  of  the  long  cross-cut 
tunnel,  is  another  drift  across  the  formation,  the  face  of  which  is  now 
in  vein-matter;  and  it  is  expected  to  strike  another  one  of  the  large 
veins  known  to  exist  in  the  levels  abova  No  stoping  has  been 
done  on  the  lower  levels ;  and  Mr.  Stevens  informs  me  that  it  is  his 
intention  to  develop  the  ground  thoroughly  before  extracting  any  ore, 
except  from  the  headings,  while  driving  on  the  veins. 

There  is  a  good  saw-mill  on  the  property,  and  a  10-stamp  silver- 
mill,  with  a  White  mechanical  furnace  built  by  the  Pacific  Iron 
Works  of  San  Francisco.  The  mill  was  originally  designed  to  work 
one  battery  dry  and  one  wet,  but  it  was  found  that  the  loss  was 
too  great,  and  that  the  ores  were  not  adapted  to  free-milling.  The 
tailings  are  now  concentrated  and  roasted  in  a  reverberatory  furnace, 
and  elevated  back  to  the  mill,  where  they  are  treated  separately. 

Olanoko  Exploration  Company ^  Ltd, — This  concession,  granted 
by  the  government  to  Major  £.  A.  Burke,  is,  without  doubt,  one 
of  the  largest  tracts  of  mineral  land  ever  conveyed  to  one  individual. 
It  is  in  the  department  of  Olancho,  north-east  of  Tegucigalpa,  and 
is  divided  into  four  sections,  which  have  a  net  area  of  716.6  square 
miles. 

Section  1  .contains  127.8  square  miles,  and  contains  the  following 
concessions  granted  to  other  parties  : 
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Hetiro  Honduras  Gold  Mining  Company^  Ltd.,  1^  square  leagues; 
Honduras  Gold  Company,  ^  square  league;  Olancho  Syndicate,  1^ 
square  leagues ;  Cockerton  Concession,  3  square  leagues ;  Bell  and 
Rector,  }  square  league ;  William  Harding,  ^  square  league. 

The  Betiro  company  has  erected  a  10-starap  mill,  and  opened  a 
number  of  valuable  veins  which  average  well  in  gold.  The  Hon- 
duras Gold  Company  constructed  a  dam  and  flume  in  the  Guayape 
river,  but  before  the  bar  could  be  cross-cut  and  thoroughly  tested  a 
cresciente,  or  flood,  carried  away  the  works.  The  center  of  the  bar, 
however,  yielded  about  66  cents  per  cubic  yard.  Bell  and  Rector 
have  erected  a  10-stamp  mill,  and  are  carrying  on  development-work 
from  the  proceeds  of  the  mine. 

Sections  2  and  3  have  areas,  respectively,  of  174.8  and  195  square 
miles.  The  only  location  which  has  been  made  on  Section  2  is  known 
as  the  Trewenberg  discovery,  where  a  tunnel  has  been  driven  about  75 
feet,  and  the  face  shows  a  vein  about  4  feet  wide,  assaying  well  in  gold. 

Section  3  is,  comparatively  speaking,  virgin  ground,  though  many 
veins  outcrop  on  the  surface.  No  work  has  been  done,  except  on  the 
placers  along  the  principal  streams. 

Section  4  covers  218  square  miljes.  The  Concordia  Gold  Mining 
Co.,  which  has  a  concession  1^  miles  wide  and  3  miles  long,  built  a 
&-8tamp  mill,  but  there  was  not  sufficient  water  for  power  and  mill- 
ing, and  the  works  have  been  temporarily  shut  down  until  steam- 
power  can  be  put  in.  Considerable  work  has  been  done  on  the 
Pizano  and  La  Chabela  concessions,  and  with  comparatively  good 
results.  Perhaps  the  most  interesting  portion  of  this  section  is  in  the 
Guaymaca  mountains,  just  east  of  the  western  boundary  line.  Here 
are  to  be  seen  very  extensive  workings,  said  to  be  over  100  years  old. 
The  oldest  people  in  the  vicinity  know  nothing  of  the  operation  of 
the  furnaces,  the  ruins  of  which  still  exist.  The  mountains  are  bold, 
and  the  streams  will  furnish  an  abundance  of  power  for  driving 
heavy  machinery. 

Coal. — Occasionally  float-coal  has  been  foand,  and  there  are  many 
localities  throughout  Honduras  where,  among  the  stratified  marly 
shales,  carboniferous  seams  occur,  from  which,  without  doubt,  the 
above-mentioned  float  was  derived,  but  most  of  the  specimens  con- 
tain about  75  per  cent,  of  ash.  A  great  portion  of  the  stratified 
formations  of  this  country,  however,  belongs  to  the  Permian  group, 
which  is  known  frequently  to  contain  workable  coal-seams  in  other 
regions.  Hence,  it  is  not  unreasonable  to  hope  that  a  good  quality 
of  coal  may  yet  be  discovered  in  Honduras.     Early  in.  1889  a  con- 
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cession  was  granted  to  Mr.  E.  '&,  Chubbuck,  of  New  Orleans,  who 
failed  to  comply  with  the  requirements  of  the  mining  law,  in  conse- 
quence of  which  his  titles  were  forfeited.  Later,  in  the  spring  of 
1890,  a  coal-<x)ncession  was  granted  to  Mr.  McCave,  who  also  failed 
in  his  attempt;  and  in  the  summer  of  1890  a  third  concession  was 
granted  to  the  energetic  Mr.  W.  8.  Valentine. 

Oily  Coal  and  Satt-Boring  Conoemon, — ^This  was  granted  July  31, 
1890,  to  Mr.  W.  8.  Valentine,  giving  exclusive  right  for  20  years, 
throughout  the  8tatey  to  bore  for  salt,  petroleum,  gas,  coal,  and  ail 
precious  metals  encountered.  Woric  was  started  on  Oct.  4,  1890, 
near  the  capital,  at  Palmyra.  At  a  depth  of  118  feet,  potable  water 
was  encountered  and  continued  for  20  feet,  at  which  depth  it  was 
found  to  be  warm.  The  well  was  then  encased  with  a  6-inch 
wrought-iron  tubing,  in  order  to  shut  out  the  water,  and  drilling 
continued.  8trange  to  say,  for  500  feet  nothing  was  passed  through 
but  red  marl ;  then  some  80  feet  of  granite  and  quartz  was  passed ; 
then  some  20  feet  of  white  sand ;  afler  which  a  red  marl  was  again 
encountered,  which  continued  for  some  80  feet,  and  upon  analysis 
was  found  to  contain  an  abundance  of  alkali.  The  present  depth  is 
about  1100  feet,  of  which  the  last  600  has  been  the  same  red  marl, 
sometimes  hard  and  sometimes  soft.  Work  is  rapidly  pushed,  to 
reach  sea-level,  some  3200  feet  in  all,  when  it  is  supposed  that 
salt,  brine  or  oil  may  be  struck.     The  well  continues  perfectly  dry. 

Telegraph  and  Tdephone  Lines, — In  speaking  of  the  mining  indus- 
tries of  Honduras,  I  should  not  overlook  a  most  important  factor, 
which  is  the  telephone,  telegraphand  mail  service.  We  are  indebted 
for  this  to  Mr.  B.  Cecil,  the  enterprising  manager,  who  in  1888  was 
made  Director  General  of  the  service.  In  1889  the  government 
conferred  upon  him  the  honor  of  appointment  as  Postmaster  General. 
He  has  shown  untiring  energy  in  this,  as  in  the  former  position,  by 
establishing  a  thorough  system  of  couriers  throughout  the  entire 
Kepublic.  In  reference  to  the  telegraph,  Mr.  Cecil  says :  "  We  have 
now  2140  miles  in  use  and  693  miles  in  course  of  construction,  all 
of  which  is  divided  into  13  sections,  with  a  main  office  in  Teguci- 
galpa. There  are  4  coast  offices,  Puerto  Cortez,  Truxillo  and  La 
Seiba  on  the  Atlantic,  and  Amapala  on  the  Pacific.  In  all  there  are 
94  offices,  with  324  employees,  operators  and  clerks.  In  the  year 
1890  there  were  sent  260,003  messages,  containing  5,741,768  words, 
valued  at  $174,650.50;  messages  sent  to  other  republics,  8825,  con- 
taining 144,973  words;  messages  received  from  other  republics, 
8517,  oontaining  159,639  words;   number  of  cables  sent  via  La 


408  MINING  IN   HONDURAS. 

Libertad,  San  Salvador,  which  connects  with  the  C.  and  S.  American 
Telegraph  and  Cable  Co.,  1275,  containing  14,760  words,  valued  at 
$20,208.38.     Value  of  plant,  $444,879." 

Tegucigalpa  is  well  connected  by  telephone,  there  being  outside 
lines  to  San  Juancito  mine,  and  to  the  Departments  of  La  Paz, 
Comajagua  and  Santa  Barbara,  the  last,  by  the  way,  being  the 
longest  telephone  line  in  Central  America — 171  miles  without  relay. 

Mail  Service, — In  this  department  there  are  58  post-oflSces,  em- 
ploying 79  postmasters  and  clerks,  and  the  service  gives  constant 
employment  to  267  couriers,  who^  on  their  journeys  over  the  moun- 
tains, carry  37|  lbs.  of  mail-matter  on  their  backs.  For  the  year 
ending  1890,  the  following  mail-matter  was  handled  : 

Pieces. 

Beceived  from  exterior, 271,534 

Sent  fronvinterior, 86,756 

Handled  in  the  interior, 662,756 

Making  a  grand  total  handled  in  the  Republic  of,   .        .     1,021,046 

Ttgucigalpay  which  has  been  the  capital  of  Honduras  since  the 
removal  of  the  seat  of  government  from  the  ancient  city  of  Comay- 
agua,  is  situated  in  the  south-central  part  of  the  Republic,  in  the 
Department  of  Tegucigalpa,  on  the  foot-hills  of  the  main  cordiileras, 
on  the  Rio  Grande,  at  an  elevation  of  3200  feet,  and  is  in  W.  Long. 
87°  10',  N.  Lat.  14°  16',  being  about  90  miles  nearly  north  of 
Amapala,  the  principal  port  on  the  Pacific,  and  about  300  miles  by 
road  from  Puerto  Cortez,  the  main  Atlantic  port.  The  delightful 
climate,  which  naturally  follows  the  altitude  of  the  place,  makes 
Tegucigalpa,  with  its  various  beautiful  parks  scattered  throughout 
the  city,  a  most  desirable  residence.  A  fine  system  of  water-works, 
recently  completed  by  Messrs.  Gibson  &  Cole,  the  American  con- 
tractors, gives  abundance  of  excellent  water.  The  pipe-line,  for  9 
miles,  is  of  12-inch  pipe,  having  a  fall  of  838  feet,  followed  by  J 
mile  of  7-inch  pipe,  with  a  fall  of  900  feet.  Six  ornamental  foun- 
tains are  placed  in  various  public  squares. 

Contracts  have  been  given  to  light  the  city  by  electricity,  the 
streets  to  be  illuminated  by  2000-candle-power  arc-lights,  while  the 
public  buildings,  hotels  and  dwellings  are  to  be  supplied  with  incan- 
descent lights.  A  well  organized  and  thoroughly  drilled  police  force, 
under  the  command  of  Col.  C.  D.  Beyer,  of  New  Orleans,  preserves 
the  peace  and  order  of  the  city.  The  public  buildings  comprise  a 
School  of  Arts,  a  College,  with  chairs  of  Law,  Medicine,  Engineer- 
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ing,  Natural  Science,  etc.,  two  Seminaries  and  a  college  for  boys,  in 
which  the  modern  languages  are  taught,  the  study  of  English  being 
a  favorite. 

The  Palace  and  Congressional  Hall  (Government  Building),  which 
was  recently  remodeled  under  the  direction  of  His  Excellency,  the 
President  Greneral  Luis  Bogran,  is  a  building  worthy  of  note,  an 
ornament  to  the  city  and  an  honor  to  the  nation. 

Mining  in  Honduras  has  had  the  same  vicissitudes  as  in  the  United 
States ;  but  it  is  a  notable  fact  that  not  one  of  the  mines  has  proved 
a  failure.  In  the  north  and  south  of  the  Republic  are  the  gold-mining 
districts,  while  the  silver  belt  extends  clear  across  the  country,  and  is 
fully  50  miles  wide.  Without  doubt,  there  is  more  mineral  wealth  in 
Honduras  than  in  any  other  country  of  the  same  size  in  the  world. 
I  have  seen  much  of  the  country ;  and  speaking  as  a  miner  of  con- 
siderable experience,  I  can  say  candidly  that  there  is  no  richer  field 
for  mining  operations  than  Honduras  presents  to-day,  and  there  is 
no  country  that  does  more  to  invite  and  encourage  miners.  Under 
the  wise  and  liberal  policy  maintained  by  President  Bogran,  capi- 
tal has  been  secure  in  all  its  investments ;  full  protection  has  been, 
furnished  to  every  reputable  business  enterprise  and  the  gates  of  the- 
country  have  been  thrown  wide  open  to  every  intelligent  effort  cal- 
culated to  develop  its  resources.  His  influence  and  example  have 
brought  the  people  of  the  country  into  full  accord  with  his  intelli- 
gent and  liberal  policy.  Americans  have  taken  advantage  of  this 
disposition  on  the  part  of  the  President ;  there  is  a  large  amount 
of  capital  from  the  United  States  already  invested  in  the  mines  of 
Honduras  and  other  enterprises ;  and  there  is  still  ample  oppor- 
tunity for  safe  and  remunerative  investment. 
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A  Sketch  op  the  Progress  op  Twentt  Years  in  the  Economy  op 

Production  and  Consumption. 


BY  JOHN  BIRKINBINE,  PHILADELPHIA,  PA. 

(FreBidential  Address  at  the  OleD  Summit  Meeting,  October,  1891.) 

Four  meetings  of  the  Institute  have  been  held  in  the  anthracite 
coal-fields  of  Pennsylvania,  and  excursions  into  the  district,  in  con- 
nection with  meetings  elsewhere,  have  familiarized  our  members  with 
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the  development  of  this  unique  region.  But  the  progress  of  that  de- 
velopment has  been  so  marked  that,  in  view  of  our  assembling  within 
a  few  miles  of  where,  two  decades  ago,  the  Institute  was  organized,  a 
brief  risumi  of  the  history  of  the  anthracite  coal-mining  industry, 
and  some  thoughts  upon  the  fuel-problems  of  1871  and  1891  seem 
to  be  specially  appropriate  on  this  occasion. 

Seventy  years  ago,  the  "burning  stones"  which  we  recognize'  as 
anthracite  coal  were  first  mined,  but  what  has  now  become  a  mag- 
nificent industry  grew  with  comparative  slowness  for  two  decades ; 
and  it  was  not  until  1842  that  1,000,000  tons  of  anthracite  coal  per 
annum  were  produced. 

The  opening  of  this  fuel-field,  however,  soon  exerted  a  stimulus 
upon  railway-  and  canal-construction,  some  of  the  earlier  enterprises 
and  numerous  later  additions  having  been  projected  and  maintained 
to  carry  anthracite  coal  to  points  of  consumption  or  to  navigable 
waters.  And  this  stimulus  reacted  upon  the  industry  itself.  Larger 
shipments  were  demanded  to  meet  the  requirements  of  the  market 
developed  by  these  improvements. 

From  1842  to  1864  the  annual  production- of  this  form  of  fuel 
increased  tenfold,  from  1,000,000  to  10,000,000  tons,  and  this 
amount  was  again  doubled  (to  20,000,000  tons)  in  1873.  The  ship- 
ments  of  anthracite  coal  for  1890  show  another  step  in  geometrical 
progression  ;  for,  if  to  the  36,000,000  tons  of  anthracite  shipped  in 
that  year  we  add  the  coal  used  at  the  mines,  a  production  exceeding 
40,000,000  tons  per  annum  is  accounted  for. 

The  astonishing  record  of  the  mining  industry  within  this  limited 
field  can  be  best  appreciated  by  comparing  it  with  that  of  another 
branch  of  mining.  The  weight  of  anthracite  coal  mined  in  Penn- 
sylvania in  1890  was  nearly  three  times  as  great  as  the  total  iron-ore 
product  of  the  United  States ;  and  this  coal  was  obtained  at  greater 
average  depth,  and  under  conditions  generally  less  favorable,  than 
are  found  at  the  iron-ore  mines. 

The  total  output  of  the  anthracite  regions  of  Pennsylvania  for  the 
past  seventy  years,  approximates  750,000,000  tons.  Of  this,  over  12 
per  cent,  was  obtained  in  the  forty  years  between  1820  and  1860;  15 
per  cent,  in  the  decade  following ;  nearly  25  per  cent,  between  1870 
and  1880;  and  for  the  past  ten  years  the  output  has  averaged  about 
35,000,000  tons  annually,  aggregating  nearly  48  per  cent,  of  the 
whole. 

Of  the  total  output  of  the  anthracite  coal-region  as  recorded,  one 
half  has  been  mined  since  1879,  and  the  period  of  twenty  years 


THE  FUEL-SUPPLY  OP  THE  UNITED  STATES,  411 

which  marks  the  existence  of  the  American  Institute  of  Mining  En- 
gineers, covers  a  reported  production  of  anthracite  coal  of  nearly 
540,000,000  tons,  or  72  per  cent,  of  the  total  output  of  the  region. 

Mr.  J.  H.  Jones,  special  census  agent,  places  the  value  at  the 
mines  of  the  anthracite  coal  product  of  Pennsylvania  in  1889  at 
$65,721,578,  demanding,  at  362  regular  establishments,  the  ser- 
vices of  over  124,000  employees,  who  received  in  that  year  nearly 
$40,000,000  as  wages.  The  capital  invested  in  the  coal-lands 
amounts  to  almost  $162,000,000;  but  this  valuation  does  not  in- 
clude undeveloped  properties,  or  any  surface  improvements  except 
such  as  are  necessary  for  mining  and  preparing  the  coal.  If  to  the 
above  amount  were  added  the  coal-lands  held  in  reserve,  the  numer- 
ous dwellings,  and  the  enormous  railroad  facilities  specially  built 
and  maintained  to  convey  the  product  of  the  mines  and  breakers 
to  trunk-lines,  the  valuation  would  be  greatly  augmented ;  for  no 
part  of  Pennsylvania  is  so  well  supplied  with  railroads  as  the  anthra- 
cite coal-fields,  and  few  points  in  the  United  States  are  connected 
with  as  many  competitive  systems  of  transportation  as  the  section 
which  the  Institute  visits  during  this  meeting. 

Our  Ih^misactiona  demonstrate  that  much  of  the  progress  in  min- 
ing methods  and  appliances  by  which  the  above  results  were  accom- 
plished is  traceable  to  members  of  the  Institute;  and  of  their  work 
we  can  truly  say,  "the  half  has  not  been  told"  in  the  printed  papers 
forming  part  of  our  publications. 

Mr.  Joseph  D.  Weeks,  Special  Agent  of  the  Division  of  Mines  and 
Mining  of  the  Eleventh  Census,  has  supplied  the  following  estimates 
of  the  consumption  of  natural  gas  in  the  United  States  in  1889 : 

Cubic  feet 

Iron- and  steel-mills, 171,500,000,000 

Glass-works, 18,750,000,000 

Other  industrial  establishments,       *        .        .        .  236,900,000,000 

Heating  and  cooking 62,500,000,000 

Pumping  oil, 7,600,000,000 

Drilling  and  operating  oil-  and  gas-wells,                .  30,000,000,000 

Other  uses, 25,000,000,000 

Total,     .        .        • 552,150,000,000 

He  gives  as  the  approximate  quantity  of  coal  and  wood  replaced 
with  natural  gas  9,600,000  tons  of  coal  and  69,000  cords  of  wood. 
Of  this  displacement,  71.5  per  cent,  is  credited  to  Pennsylvania,  17.3 
per  cent,  to  Ohio,  7.5  per  cent,  to  Indiana,  and  1.4  per  cent,  to  New 
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York ;  the  balance  being  distributed  among  the  other  States.  From 
these  figures  I  have  estimated  the  approximate  value  of  the  fuel  thus 
replaced  in  1890  at  $20,000,000. 

An  approximate  review  of  the  consumption  of  all  kinds  of  fuel 
for  the  past  twenty  years  may  be  obtained  from  the  following  oensus 


data: 

Gross  tons  of  anthracite  coal, 
Gross  tons  of  bituminous  coal. 
Bushels  of  charcoal. 

1870. 
13,925,229 
15,356,619 

1880. 
25,580,189 
38,242,641 
74,008,972 
145,778,137 
26,286,123 

No  report 

isoa 

40,714.721 
85,383,059 
90,000,000» 
180,000,000» 
34,820,306 

$20,000,000* 

Cords  of  wood.        .        •        • 

Barrels  of  petroleum,    . 
Natural  gas,  value  in  coal  dis- 
placed,       .... 

6,260,745 
No  report. 

The  fuel  consumed  in  the  United  States,  exclusive  of  natural  gas, 
but  including  the  coal  and  wood  converted  into  gas,  requires  the 
conveyance,  by  various  methods,  of  nearly  one  and  a  half  million 
gross  tons  each  day  of  the  year  (no  unimportant  factor  in  the  national 
problem  of  transportation),  and  demands  the  energies  of  over  one 
million  wage-earners  to  mine,  cut,  handle,  and  convey  it  to  points 
of  consumption.  The  apparent  fuel-consumption,  'per  capita,  in  the 
United  States,  is  in  calorific  value  equivalent  to  3^  tons  of  coal  per 
annum.  Possible  economies  may  reduce  this  to  2|  tons  for  the  same 
amount  of  work  performed. 

By  reason  of  the  extended  area  of  the  bituminous  coal-fields,  their 
development  has  greatly  benefited  the  entire  country.  This  fuel  has 
supplied  most  of  the  illuminating-  and  fuel-gas,  and,  in  addition  to 
its  liberal  use  for  domestic  and  steam-producing  purposes,  the  coke 
resulting  from  its  distillation  has  influenced  the  iron  industry  to  a 
wonderful  extent,  as  is  shown  by  the  following  figures,  taken  from 
the  reports  of  the  ninth,  tenth,  and  eleventh  censuses : 


Gross  tons. 

1870. 

1880. 

1890. 

Pig-iroD,  total  product,    .        .     1,832,876 

3,375,912 

8,553,374 

Pig-iron  from  coke  or  bit.  coal,      510,000f 

1,351,765 

6,711,974 

Manufactured  iron, .                 .     1,287,347 

2,101,183 

2,518,193t 

Steel  (a,  finished  product;  b,  ingots)  44,426a      1,022,9566      3,988,3275 

Our  total  output  of  bituminous  and  anthracite  coal  in  1890  was 

■«  ■■  » ■  ■  .     .     ■     ■     ■       ....  _ , 

*  Estimated. 

t  As  the  Census  statistics  had  not  been  issued,,  the  above  figures  were  taken  from 
the  Report  of  the  American  Iron  and  Steel  Association. 
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75  per  cent,  of  that  mined  in  Great  Britain,  the  country  which  sup- 
plies nearly  as  much  coal  as  all  others  in  the  world  combined^  exclu- 
sive of  our  own.  In  other  words,  the  United  States  now  produces 
about  30  per  cent,  of  the  world's  output  of  coal,  while  it  consumes, 
in  addition,  great  quantities  of  wood,  charcoal,  oil,  and  natural  gas. 
The  United  States  is  the  great  fuel-consumer  of  the  world. 

Over  2,000,000  cords  of  wood  are  annually  cut  to  produce  the 
90,000,000  bushels  of  charcoal  which  I  estimate  were  used  in  smelt- 
ing ores  of  iron  aiid  of  the  precious  metals,  and  for  other  specialties. 
The  cord-wood  used  as  fuel  for  various  purposes  largely  exceeds  that 
cut  for  charcoal,  but  the  amount  can  only  be  roughly  approximated. 
The  total  wood  of  all  kinds  used  for  fuel  is  estimated  by  Mr.  B.  E. 
Fernow,  chief  of  the  Forestry  Division  of  the  United  States  Depart- 
ment of  Agriculture,  at  180,000,000  cords  per  annum. 

Peat  is  Used  to  a  moderate  extent  only ;  but  various  methods  of 
drying  or  preparing  it  are  passing  through  experimental  stages. 

In  thirty-two  years  the  product  of  petroleum  has  grown  from 
2000  barrels  to  35,000,000  barrels  annually,  reaching  a  total  for  the 
whole  period  of  450,000,000  barrels.  Of  the  present  output,  ap- 
proximately 40  per  cent,  is  used  for  fuel;  and  this  has  a  calorific 
value,  3  barrels  of  petroleum  being  taken  as  equivalent  to  1  ton  of 
coal,  of  over  4,500,000  tons  of  coal  annually.  The  convenience  of 
application  favors  the  use  of  petroleum  in  localities  where  coal  com- 
mands relatively  high  prices,  and  in  cases  where  intermittent  firing 
is  employed ;  and  we  may  anticipate  a  growing  demand  for  this  form 
of  fuel. 

It  is  perhaps  impossible  to  determine  the  quantity  of  natural  gas 
used  in  this  country,  but  a  measure  of  its  importance  may  be  found  in 
the  equivalent  money-value  of  coal  it  has  displaced,  which  I  have 
estimated  above  at  $20,000,000  annually.  Moreover,  the  extensive 
introduction  of  natural  gas  for  industrial  and  domestic  uses  has  stimu- 
lated the  employment  of  pi*oducer-gas ;  and  in  many  instances  the 
manufactured  gaseous  has  supplanted  the  natural  solid  fuel. 

The  magnitude  of  the  quantities  represented  by  our  fuel-supply 
emphasizes  th^  importance  of  economies  in  its  use.  A  saving  of  one 
per  cent,  of  the  fuel  of  all  kinds  consumed  in  the  United  States 
would  be  equfvalent  to  2,300,000  tons  of  coal  per  annum.  Each  of 
our  members  will  aver  that,  in  almost  every  case  of  which  he  is  cog- 
nizant, one  per  cent,  of  the  fuel  used  could  be  readily  saved,  and  in 
numerous  instances  the  possible  economies  appear  to  be  much  greater. 
If  all  the  fuels  produced  in  the  United  States  were  used  for  one  year 
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for  the  generation  of  steam,  they  would  furnish  continually,  through 
boilers  and  engines  of  ordinary  efficiency,  nearly  12,000,000  horse- 
power; but  if  applied  to  boilers  and  engines  of  high  economy,  the 
resulting  energy  would  be  augmented  to  25,000,000  or  even  30,000,- 
000  horse-power.  An  average  reduction  in  American  blast-furnaces 
of  one  hundred-weight  of  fuel  per  ton  of  pig-iron  made  would  amount 
to  an  annual  saving  of  nearly  a  half  million  tons  of  coal,  and  propor- 
tionate economies  in  iron  and  steel  manufacturing  processes  would 
more  than  double  this  saving. 

Thje  crowds  of  coal-pickers  covering  a  city's  ash-heaps  attest  the 
waste  of  fuel  imperfectly  consumed  for  domestic  and  manufacturing 
purposes,  and  the  ''smoke  nuisance''  (the  abatement  of  which  is 
always  in  the  future)  is  constantly  before  us  as  an  indication  of  im- 
providence. The  evil  is  to  be  overcome,  if  we  believe  the  announce- 
ments of  trade-circulars,  by  patented  boiler-settings,  which  facilitate 
the  evaporation  of  water  at  a  rate  in  excess  of  theoretical  perfection  ; 
by  B moke-consuming  devices,  which  effect  such  economies  that  it  will 
pay  to  burn  coal  merely  to  utilize  the  smoke ;  or  Dy  stoves  or  fur- 
naces which^  through  some  secret  of  nature  confided  to  the  inventor 
only,  utilize  upward  and  downward  draughts  in  the  same  chimney, 
the  downward  draught  bringing  the  combustible  myth  to  intensify 
immensely  the  heat  of  the  normal  fire.  Economies  are  also  claimed 
for  special  details  in  blast-furnaces,  heating-furnaces,  puddling-fur- 
naces,  or  other  metallurgical  constructions,  some  promising  a  return 
of  more  heat-units  than  are  accepted  as  theoretically  attainable. 

While  many  of  the  so-called  fuel-saving  inventions  are  farcical, 
because  they  are  based  upon  unsound  theory,  we  are  indebted  to 
others  for  marked  economies  in  fuel-consumption,  which  have  made 
it  possible  to  advance  metallurgy  and  manufactures  to  the  position 
they  now  occupy.  It  requires  but  a  brief  retrospect  to  reoognize  the 
true  economics,  and  for  this  we  need  note  only  improvements  made 
during  the  existence  of  the  American  Institute  of  Mining  Engineers. 

Suppose  for  a  moment  that  the  quantity  of  pig-iron  and  manufac- 
tured iron  and  steel  now  demanded  by  the  United  States  had  to  be 
produced,  manufactured,  manipulated,  and  transported  by  methods 
in  use  two  decades  ago-— how  many  tons  of  fuel  would  be  wasted  in 
producing  the  8,553,374  tons  of  pig-iron  we  made  in  1890,  if  the 
blast-furnaces  were  equipped  with  open  fronts  and  fore  hearths,  fol- 
lowing the  custom  of  charging  more  fuel  than  the  furnace  could 
consume,  so  as  to  shovel  it  out  at  the  bottom  ?  What  additional 
fuel  would  be  required  if  gas-producers  were  not  connected  with  the 
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furnaces  id  our  mills  and  steel-works,  or  if  the  direct  methods  of 
conveying  molten  metal  from  blast-furnace  to  converter,  and  hot  in- 
gots or  billets  from  converter  to  mill,  or  from  one  mill  to  another, 
were  abandoned,  and  if  our  mills  returned  to  the  former  practice  of 
allowing  the  metal  to  cool  afler  each  stasre  of  treatment  ? 

The  developed  coal-mines  of  the  United  States  could  not  possibly 
supply  the  present  demands  of  the  country  if  our  industries,  our 
locomotives,  and  steam-vessels  consumed  fuel  at  the  rate  per  ton  of 
product  or  per  horse-power  that  they  did  in  1871.  Neither  could 
the  coal-mines,  as  opened  and  equipped  in  1871,  produce  the  fuel 
now  demanded. 

Among  the  economies  already  achieved  none  are  more  notable  than 
those  adopted  in  and  about  the  mines,  by  which  the  coal  is  removed 
with  less  loss  in  mining,  and  prepared  so  that,  of  that  which  formerly 
went  to  the  dump-piles,  nearly  all  that  is  combustible  is  reclaimed. 
The  application  of  finer  sizes  and  even  of  the  slack  coal  and  dust  to 
useful  purposes  is  entitled  to  a  prominent  position  among  the  fuel- 
economies. 

A  critical  review  of  the  advances  made  in  the  methods  and  pro- 
cesses of  mining,  preparing,  handling,  and  transporting  coal,  of  pro- 
ducing and  using  steam,  of  smelting,  refining,  and  manufacturing 
metals,  would  probably  show  that  we  are  now  able  to  accomplish 
with  one  ton  of  combustible  mined,  results  which,  twenty  years  ago, 
would  have  required  the  mining  of  two  tons  or  more.  If  then  he  is 
entitled  to  credit  as  a  benefactor  who  causes  two  blades  of  grass  to 
grow  where  one  grew  before,  we  have  cause  for  congratulation  and 
for  just  praise  that,  in  1891,  one  ton  of  combustible  taken  from  the 
mines  benefits  the  country  as  much  as,  or  possibly  more  than,  two 
tons  as  removed,  prepared,  and  used  in  1871. 

Such  results,  however,  are  not  due  to  one  man;  to  accomplish 
them,  thousands  of  active  minds  have  worked  in  one  general  direc- 
tion, against  difficulties  and  discouragements.  The  geologist,  the 
mineralogist,  and  the  explorer  have  done  their  part  in  locating  and 
developing  additional  sources  of  fuel-supply.  The  mining  engineer, 
with  the  aid  of  the  constructor  and  the  mechanic,  has  brought  to  the 
surface,  prepared,  and  delivered  to  consumers  the  solid,  liquid,  or 
gaseous  fuels  at  low  cost,  while  the  laboratories  of  the  chemists  and 
physicists  have  contributed  valuable  data  as  to  the  composition 
and  utilization  of  various  fuels  to  assist  the  metallurgist  and  engineer 
in  applying  them.  All  of  the  classes  mentioned  are  represented  in 
the  list  of  members  of  the  American  Institute  of  Mining  Engi- 
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neers.  Our  roll  of  2300  embraces  in  each  department  distinguished 
specialists,  whose  contributions  to  the  Transdctions,  or  work  in  prac- 
tice, have  aided  in  no  small  degree  to  accomplish  what  has  been 
achieved.  Yet,  as  indicated,  there  remains  much  to  be  accomplished, 
and  the  purpose  of  these  remarks  has  been  to  invite  attention,  in  a 
general  way,  to  the  magnitude  of  the  fuel-problem,  and,  while  rec(^- 
nizing  the  advances  made  in  the  past  twenty  years  to  encourage  the 
endeavor  after  further  economies  in  the  utilization  of  fuel. 


A  HEW  SY8TJSM  OF  OBE-SAMFLINQ, 

BY  H.  L.  BRIDGMAN,  BLUE  ISLAND,  ILL. 
(Glen  Summit  Meeting,  October,  1891.) 

The  correct  sampling  of  ores  is  a  subject  of  far  greater  import- 
ance than  is  usually  conceded  to  it.  Of  the  little  which  has  been 
published  on  this  subject,  the  recent  paper  by  Mr.  Glenn,  with  the 
accompanying  discussion  by  Dr.  Raymond  {Trans.y  xx.,  155),  is  the 
latest  and  best,  and  well  worthy  the  careful  perusal  of  all  interested 
in  accurate  sampling,  whether  by  hand  or  by  machine. 

It  is  doubtless  true  that  thorough  hand-sampling  gives  as  good 
average  results  as  can  be  obtained  ;  but  all  hand-sampling  is  subject 
to  the  possible  incompetency,  carelessness,  or  dishonesty  of  the  work- 
men employed.  It  is,  moreover,  tedious  and  expensive,  requires 
large  space,  and  usually  entails  considerable  delay,  both  in  unloading 
and  in  sampling.  For  these  and  other  reasons,  machine-sampling 
is  now  regarded  with  more  favor  than  ever  before. 

So-called  machine-sampling  may  be  accomplished  in  two  radically 
different  ways : 

1.  Part  of  the  stream  of  material  is  taken  for  the  whole  time. 

2.  The  whole  stream  of  material  is  taken  for  part  of  the  time. 

Under  the  first  case  the  stream,  as  it  issues  from  the  delivery- 
spout  of  the  crusher,  is  cut  continuously  in  any  given  proportion, 
such  as  one-tenth,  one-fourth,  or  one-half,  by  some  fixed  apparatus, 
which,  as  it  contains  no  moving  parts,  is  strictly  speaking  not  a  ma- 
chine at  all,  but  may  be  termed  an  appliance.  The  principle  under 
which  these  appliances  o[>erate  is  now  pretty  generally  conceded  to 
be  wrong,  because  of  the  practical  impossibility  of  cutting  such  a 
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stream  oontinuoasly,  in  such  a  way  as  to  obtaiD  a  proper  propor> 
tion  not  only  of  the  stream  itself,  but  particularly  of  its  ^^ coarse '^ 
and  ''  fine''  parts.  The  leading  exponents  of  this  principle  are  the 
sampling-shovel  and  the  pipe-  or  spout-sampler.  The  latter,  which 
is  the  best  instrument  of  its  class,  has  the  disadvantage  of  being  very 
difficult  to  inspect  and  to  clean ;  it  is  still  in  use  in  some  places,  but 
has  been  abandoned  in  others. 

Under  the  second  case,  the  stream  is  cut  in  such  a  way  that  the 
entire  flow  is  diverted  at  certain  stated  intervals,  yielding  a  sample 
in  which  both  "coarse"  and  "fine*'  of  the  original  lot  are  fairly 
represented.  The  samplers  which  effect  this  are  the  machines  pro- 
per, and  the  best-known  examples  are  perhaps  the  Collom  and  the 
Brunton,  both  of  which  have  done  excellent  work. 

In  all  sampling  operations,  whether  by  hand  or  machine,  certain 
fundamental  truths  are  recognized,  the  most  im|K)rtant  of  which  is 
doubtless  the  propo$«ition  that  the  more  uniform  the  material  sam- 
pled the  truer  will  be  the  sample.  Such  uniformity  may  be  natural 
(as  in  the  case  of  solutions  and  of  certain  ores  and  products)  or  it 
may  (and  usually  must)  be  produced  by  crushing  and  mixing.  The 
finer  the  former  and  the  more  thorough  the  latter,  the  better  the 
result.  Some  materials,  carrying  "  metallics/'  horn-silver,  etc.,  can- 
not thus  be  rendered  uniform,  and  are  particularly  difficult  to  sample. 

It  is  theoretically  correct  to  precede  each  quartering  or  cutting- 
down  by  a  crushing,  coarse  at  first  and  finer  with  each  succeeding 
cut.  In  practice,  however,  rarely  more  than  two  crush ings  are  em- 
ployed, and  these  are  moilerately  fine,  no  matter  how  many  cuts  may 
be  made.  Some  works  screen  their  material  as  it  is  crushed,  return- 
ing the  '^coarse,"  until  all  has  been  reduced  to  a  certain  maximum 
size.  This  is  notably  true  of  hard  iron-ores.  The  writer  believes 
this  practice  to  be  entirely  wrong.  The  result  of  the  screening  is  a 
more  or  less  decided  separation  of  the  material  into  its  component 
parts,  as,  for  instance,  into  quartz  and  iron  oxide,  thus  giving,  not  the 
desired  more  thorough  mixture,  but  a  practical  undoing  of  the  natural 
mixture  already  existing.  Of  course,  re-mixing  may  be  resorted  to; 
but  it  would  be  preferable  to  crush  the  entire  material  once  as  fine  as 
possible  or  as  may  be  desirable,  and  then  to  sample  it,  permitting 
nothing  to  come  between  the  crushing  and  the  sampling.  This  lat- 
ter point  is  always  important,  and  hence  sampling- machines  should 
be  set  directly  below  the  crushing-plant,  thus  avoiding  much  unneces- 
sary cleaning  and  risk  of  "  salting  "  subsequent  samples. 

The  assertion  that  very  wet  ores  (»n  onJy  be  sampled  by  hand  is 
VOL.  XX.— 27 
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an  error.  Anything  that  can  be  crushed  can  be  sampled  by  a  suit- 
able machine,  and  material  that  is  too  wet  to  crush  cannot  be  prop- 
erly sampled,  even  by  hand.  Indeed,  it  is  certain  that  crushing  ex- 
pense would  be  greatly  reduced  and  better  samples  secured,  whether 
by  hand  or  machine,  were  the  drying  of  original  samples  more  fre- 
quently practiced  than  is  at  present  the  rule.  The  plant  required  is 
not  particularly  expensive,  nor  is  much  handling  of  the  material 
necessary ;  while  the  heat  to  evaporate  10  per  cent,  of  moisture  from 
100  tons  of  ore  every  24  hours  would  be  furnished  by  the  exhaust- 
steam  of  a  60  or  70  horse-power  engine. 

Up  to  the  present  time  no  machine  has  been  introduced  which 
does  more  than  the  first  portion  of  the  work  of  sampling.  It  was 
the  writer's  desire  to  remedy  this  deficiency  by  devising  something 
which  would  give  practically  finished  samples ;  and  the  result  of  his 
efforts  is  the  machine  described  in  this  paper. 

Numerous  designs  were  made,  embodying  the  various  possible 
combinations,  and  it  is  believed  that  the  one  adopted  includes  the 
best  qualities  of  all ;  it  is  a  rotary  machine  (as  distinguished  from 
an  appliance)  which  takes  the  whole  stream  for  part  of  the  time,  and 
which,  in  a  single  passage  of  the  material  through  it : 

1.  Gives  two  or  more  absolutely  independent  samples  (double 
samplefl). 

2.  Cuts  down  (quarters)  each  of  these  samples  a  suflScient  num- 
ber of  times  to  give  the  smallest  final  samples  desirable  without  re- 
crushing. 

These  two  principal  features  are  possessed  by  no  other  machine  of 
this  class,  and  are  supplemented  by  the  following  hardly  less  im- 
portant ones : 

3.  It  is  adjustable,  to  give  different-sized  samples,  according  to 
the  grade  and  character  of  the  material  treated.  The  lower  the 
grade,  the  more  uniform  the  character,  and  the  finer  the  size  of  the 
material,  the  smaller  the  final  samples  may  be. 

4.  All  the  passages  being  large  and  straight,  its  capacity  is  very 
great  (from  15  to  25  tons  an  hour),  and  it  will  sample  any  material 
that  can  be  fed  to  it.  Ore  carrying  10  per  cent,  and  over  of  moist- 
ure offers  no  difficulties ;  nor  does  the  presence  of  strings,  pieces  of 
wood,  and  other  extraneous  substances  affect  the  general  result. 

6.  The  quickness  with  which  the  samples  are  obtained  makes  it 
possible  to  use  the  machine-samples  for  the  determination  of  the 
moisture,  as  well  as  of  the  metallic  and  other  constituents,  which  is, 
of  course,  a  decided  advantage. 
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6.  This  quickness^  moreover,  makes  it  possible  to  sample  all  ma- 
terial as  soon  as  received,  with  the  consequent  avoidance  of  demur- 
rage on  ears,  and  other  expensive  an<l  annoying  delays. 

7.  The  machine  gives  good  results  under  any  ordinary  working 
conditions ;  it  takes  its  feed  directly  from  crusher  or  rolls,  regularly 
or  irregularly,  fa«»t  or  slow,  as  the  case  may  be ;  it  requires  no  atten- 
lion,  except  for  cleaning  out  and  for  the  removal  of  samples,  and,  in 
fact,  it  transfers  the  important  function  of  sampling  from  the  domain 
of  watchful  care  and  discretion  to  that  of  mere  routine.  Being  per- 
fectly impartial,  and  giving  double  samples,  it  removes  ground  for 
disputes,  and  renders  ''salting''  practically  impossible. 

8.  It  requires  less  than  one-tenth  as  much  space  as  hand-sampling, 
and  delivers  the  discarded  part  of  the  sample  in  such  a  way  that  it 
can  be  disposed  of  by  elevator  or  similar  meails,  requiring  no  band- 
labor^ 

d.  It  is  entirely  self-contained,  and  very  compact. 

10c  It  may  be  carefully  and  fully  inspected  while  at  work,  with- 
out the  necessity  for  the  near  approach  of  any  person,  so  that  the 
most  suspicious  ore-seller  may  easily  assure  himself  of  the  fairness 
of  the  operation. 

11.  It  may  be  thoroughly  cleaned  by  one  man  in  15  minutes  or 
less,  and^  if  desirable,  may  be  washed  out  with  a  water-hose. 

ISu  It  may  be  enclosed  in  a  dust-case.  This,  however,  is  rarely 
necessary,  as  it  is  usually  better  slightly  to  nK)isten  dry  ores  before 
crushing — these  ores  sekiom  requiring  moisture-determinations. 
Should  such  moistening  be  undesirable,  little  harm  can  come  of  run- 
ning the  ore  dry^as  no  men  are  about  who  can  be  injuriously  affected, 
nor  can  the  flying  dust  have  any  marked  effect  on  the  sample,  and 
certainly  not  on  any  subsequent  samples.  Wet  ores,  of  course,  make 
little  or  no  dust. 

13.  It  is  very  inexpensive,,  both  to  operate  and  to  maintain,  the 
total  cost  of  sampling  with  this  machine  being  only  about  one-tenth 
that  of  hand-work.  It  is  provided  everywhere  with  ball-bearings 
and  graphite  bushings,  which  require  practically  no  lubrication  (with 
its  accompanying  dirt  and  annoyance)  and  make  it  possible  to  run 
the  machine  with  much  less  power  than  may  be  continuously  ex- 
erted by  ooe  man.  All  parts  exposed  to  wear  are  heavy,  while  am- 
ple provision  is  made  for  repairs,  duplicate  parts  being  readily  ob- 
tainable. 

14.  It  is  preferable  to  crush  the  material  to  1  inch  or  less,  but,  if 
necessary,  much  coarser  product  may  be  run. 
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The  intention  has  been  tx)  provide  not  only  a  first-class  sampling- 
machine,  but  also  a  system  which  should  give  the  machine  its  great- 
est eflFect  by  embracing  all  the  sampling-operations,  from  the  receipt 
of  the  material  totbe  filling  of  the  assay- bottles.  To  this  end,  the 
following  mucin  lies  and  apparatus  have  been  designed  to  meet  the 
various  requirements: 

Size  A,  Sampling-Machine, — This  gives  double  samples  and  three 
cuts  (quarterings)  on  each  sample.  It  is  intended  for  original  sam- 
ples of  any  size,  and  gives  final  samples  of  1  to  2  per  cent,  of  tluj 
original  weights.     Its  average  capacity  is  about  20  tons  an  hour. 

Size  B,  Samplinff' Machine, — ^This  gives  a  single  sample  and  three 
cuts.  It  is  intended  for  the  smaller  original  samples  and  for  work 
requiring  only  one  sample^  as,  for  instance,  iron -ores  and  the  various 
furnace  supplies  and  products.  It  is  also  intended  for  use^  in  cutting 
down  the  crushed  final  samples  of  the  A  machine.  Its  average 
capacity  is  from  2  to  4  tons  an  hour. 

Size  Cj  Sampling-Machine. — This  gives  laboratory  samples  for  all 
small  work. 

Mixer  and  Divider. — This  performs  the  final  preparation  and  dis- 
tribution of  the  assay-samples. 

Machine  A. 

This  madiine  occupies  a  floor-space  of  3  by  4  feet,  and  ha^  a  total 
height  of  7  feet  6  inches.  It  is  self-contained,  requiring  only  to  be 
bolted  to  the  floor  and  to  have  feed-,  discharge-,  and  bel ♦^-connec- 
tions made.  Fig.  1  shows  the  machine  as  it  is  built,  while  Figs.  2 
and  3  give  the  diagraphic  sections  and  details,  some  minor  change's 
and  omissions  having  been  made  for  the  sake  of  clearness.  The 
machine  consists  essentially  of  three  apportioners,  I,  II,  and  III, 
all  driven  by  the  one  pulley,  X  (usually  tight  and  loose  pulleys), 
and  three  stationary,  ccmcentric  receptacles,  Rj,  R^,  and  H,  so  con- 
structed that  any  material  falling  into  them  will  pass  out  through 
the  spouts  T|  and  T,  into  the  sample-buckets  Z^  and  Z,  or  through 
the  spout  S,  which  discharges  the  rejected  portion  of  the- sample. 
Apportioners  I  and  III  revolve  in  the  same  direction,  apportioner 
II  in  the  opposite  direction  ;  I  at  about  5,  II  at  about  15,  and  III 
at  about  45  revolutions  a  minute.  That  is  to  say,  each  apportioner 
moves  actually  three  times  as  fast  as  the  one  above  it,  and  in  the  con- 
trary direction,  or,  relatively,  four  times  as  fast.  By  the  use  of  this 
expedient  of  contrary  revolution,  the  same  relative  si)eeds  are  obtained 
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as  though,  all  revolving  in  the  sanie  direction,  the  actual  speeds  were 
respectively  5,  25,  and  125,  at  which  latter  speed  centrifugal  force 
would  become  very  troublesome. 

The  upper  apportioner,  I,  consists  of  two  concentric  rings,  divided 
by  8  partitions  into  8  equal  topless  and  bottomless  compartments,  L, 
from  each  one  of  which  leads  an  adjustable  spout,  either  as  M-l,  or 
as  M-2,  or  as  M-D.  Set  in  rotation,  spout  M-1  would  describe  a 
certain  circular  path,  1-1 ;  spout  M-2  a  certain  other  path,  2-2,  and 
spout  M-D  a  third  path,  W  (see  Fig.  3). 

The  intermediate  apportioner,  II,  is  merely  a  conical  funnel,  hav- 
ing, besides  the  large  outlet  W,  four  vertical  shoots,  Nj-N^  and 
Nj-Nj,  through  its  sloping  sides,  as  shown  in  Fig.  3;  each  one  of 
these  shoots  forms  one-eighth  of  the  circular  paths  covered  by  the 
spouts  M-1  and  M-2  respectively. 

The  lower  apportioner  III  is  of  the  same  construction  as  II  and 
bears  the  same  relation  to  it  that  II  bears  to  I. 

An  example  will  best  illustrate  the  operation  of  the  machine.  It 
may  be  assumed  that  an  original  sample  of  40,960  pounds  (the  960 
being  added  to  avoid  fractions)  is  to  be  put  through  the  machine ; 
that  the  time  required  will  be  one  hour;  that  the  speed  of  the  ma- 
chine is  such  that  the  upper  apportioner,  I,  will  make  320  revolu- 
tions in  that  time,  and  finally  that  the  ore  is  of  such  grade  and  char- 
acter as  to  only  require  the  smallest  sample  that  the  machine  will 
give.  Under  these  conditions,  one  of  the  spouts,  M,  would  be  set 
as  M-1,  one  (the  opposite  one)  as  M-2  and  the  remaining  six  as 
M-D  (Fig.  2). 

The  machine  would  then  be  set  in  motion,  and  the  flow  of  mate- 
rial, previously  crushed  to  below  one-inch  in  size,  would  be  started 
through  the  feed-spout,  F.  The  series  of  operations  which  would 
follow  may  be  best  understood  by  reference  to  the  upper  part  of 
Fig.  5.  This  diagram,  like  other  similar  ones  accompanying  this 
paper,  is  drawn  approximately  to  scale,  as  a  graphic  repj^esentation 
of  the  work  done  by  the  machine  under  the  conditions  stated. 

It  is  evident  that  at  each  revolution  one  320th  part  of  the  whole 
lot,  or  128  pounds,  will  pass  through  the  feed-spout,  F.  Of  this 
amount  six-eighths  or  96  pounds  will  be  discarded  by  the  six  spouts, 
M-D,  passing  down  through  W,  W,  H  and  so  through  the  spout  S 
and  out  of  the  machine,  while  one-eighth  of  the  128  pounds,  or  16 
pounds,  forming  the  first  cut  of  the  first  or  outer  sample,  will  pass 
through  the  spout  M-1  and  the  remaining  one-eighth,  or  16  pounds, 
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forming  the  first  out  of  the  second  or  ioner  sample,  through  the 
spout,  M-2. 

Theae  two  first  cuts  will  proceed  8i<le  by  side,  by  separate  paths 
through  the  same  series  of  operations,  and  whatever  applies  to  the 
one,  applies 'equally  to  the  other ;  it  will,  therefore,  suffice  to  follow 
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the  first  sample.  Thin  one-eighth  or  16  pounds,  having  been  cut 
from  the  mass  by  the  partitions  of  the  compartment  L,  of  which  M-1 
forme  an  extension,  will  drop  nearly  vertically  through  M-1  on  its 
way  to  the  sample  box,  Zj.  As  it  leaves  the  spout,  M-1,  during  the 
oae-«ighth  of  a  revolution  that  is  occupied  by  the  said  M-1  in  pass- 
ing beneath  the  feed-spout,  F,  it  will   be  intercepted  by  the  inter- 
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mediate  apportioner,  II,  which  in  the  same  time  will  have  made 
one  half-revolution  (relatively  to  I). 

Since  the  vertical  shoot,  N-1,  occupies  one-fourth  of  the  semi- 
circumference  of  II  passing  beneath  the  spout,  M-1,  it  follows  that 
.one-quarter  of  the  10  pounds,  or  4  pounds,  will  drop  vertically 
through  this  shoot  as  the  second  cut  of  the  first  sample.  The  re- 
maining three-quarters,  or  12  pounds,  will  pass  down  the  sloping 
sides  of  II  and  be  discarded  through  W,  W,  H  and  S. 

In  precisely  the  same  way  the  second  cut  of  4  pounds  will  be 
quartered  by  the  lower  apportioner,  III,  3  pounds  being  discarded 
and  1  pound,  as  the  third  and  final  cut,  passing  through  the  vertical 
shoot  Pi  and  the  spout  T^  into  the  sample  bucket  Z^. 

In  the  same  way  a  1-pound  portion,  as  the  third  cut  of  the  second 
sample,  will  find  its^^ay  to  the  bucket  Zg. 

This  series  of  operations  will  occur  at  each  revolution  of  the 
upper  apportioner ;  and  at  the  end  of  the  hour  each  of  the  buckets 
Zi  and  Zj  will  contain  320  portions  of  1  pound  each,  or  a  total 
final  sample  of  3::0  pounds,  these  two  total  samples  being  as  inde- 
pendent of  each  other  as  though  made  at  different  times  and  places. 
It  will  of  course  rarely  happen  that  this  theoretical  exactness  of 
weights  will  obtain,  which  point  will  be  considered  later.  Should 
the  ore  be  of  higher  grade  or  more  irregular  in  character,  two  or 
three  or  four  of  the  spouts,  M,  may  be  set  for  each  sample,  giving 
final  samples  cf  640,  960  and  1280  pounds  respectively.  The  last 
case,  in  which  nothing  is  discarded  by  the  upper  apportioner,  is 
illustrated  on  the  upper  part  of  Fig.  6. 

It  will  be  noticed  that  only  the  discarded  part  of  the  sample  is 
touched  by  the  machine,  the  retained  portions  dropping  nearly  ver- 
tically and  practically  freely  through  the  machine,  until,  in  a  finished 
'  condition,  they  reach  the  stationary  receptacles  Ri  and  R,  or  the 
sample-buckets  Z^  and  Z^.  The  machine  can  have  had,  therefore, 
no  influence  on  the  constitution  of  the  samples,  and  '^  coarse"  and 
^^fine"  must  be  contained  therein  in  the  same  proportion  as  de- 
livered by  the  feed-spout,  F. 

It  may  be  remarked  in  passing  that  the  finer  the  material,  the 
slower  the  feed  and  the  greater  the  speed  of  the  machine,  the  greater 
will  be  the  distribution  and  presumably  the  better  the  samples.  The 
conditions  above  given,  however,  are  easily  attained,  depending  only 
on  the  crushing-capacity  at  disposal,  and  ^have  been  found  by  ex- 
perience to  give  satisfactory  results,  it  being  particularly  desirable 
not  to  use  a  much  higher  speed.     For  light  or  wet  ores  it  may  be 
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necessary,  in  order  to  avoid  an  accumulation  of  material  in  the 
machine,  to  reduce  th^ speed  to  half  that  given.  This  lower  speed 
may  of  course  be  used  for  heavy  materials  also,  the  only  practical 
difference  between  the  higher  and  lower  speeds  (aside  from  the  influ- 
ence of  centrifugal  force)  being  the  difference  in  the  number  of  cuts 
made  by  the  machine. 

Machine  B. 

This  machine  occupies  a  floor-space  of  about  18  inches  square,  with 
a  total  height  of  about  36  inches.  Being  designed  for  cutting  down 
the  fine-crushed  final  samples  from  machine  A,  it  gives  but  a  single 
sample ;  but  is  otherwise  similar  in  construction  and  operation  to 
the  large  machine.  The  machine  itself  is  shown  in  Fig.  4,  its  opera- 
tion being  graphically  illustrated  on  the  lower  {)ortions  of  Figs.  5 
and  6. 

For  the  sake  of  comparison,  a  graphic  illustration  of  hand-samp- 
ling is  given  in  Fig.  7,  which,  like  Figs.  6  and  6,  shows  an  original 
sample  of  40,960  pounds,  cut  down  to  two  (duplicate)  samples  of 
320  pounds  each  ;  these,  afler  fine-cru.shing,  being  further  reduced 
to  final  samples  of  10  pounds  each.  These  diagrams  fully  explain 
themselves,  and  no  remarks  are  necessary,  except  to  call  attention  to 
the  very  much  greater  number  of  cuts  given  by  the  machine  than 
by  hand,  amounting  for  Fig.  5  to  320  X  3  +  4  X  3  =  972  cuts, 
and  for  Fig.  6to320X4X3  +  3  =  3843  cuts ;  while  Fig.  7 
shows  only  7  +  5  =  12  cuts. 

Figs.  8  to  13,  which  further  illustrate  hand-sampling,  fairly  repre- 
sent good  practice.  Fig  8  shows  the  first  finished  pile,  containing 
the  entire  original  sample,  and  also  illustrates  the  method  of  deliver- 
ing each  shovelful  of  ore  in  such  a  way  as  to  distribute  it  evenly 
over  the  entire  surface  of  the  cone.  To  do  this  succe&sfully  requires 
some  skill ;  the  material  must  not  be  thrown  as  in  ordinary  work, 
but  must  be  tossed  vertically  into  the  air,  so  that  it  will  fall  squarely 
upon  the  apex  and  spread  uniformly  over  the  pile.  Figs.  9  and  12 
show  the  pile  partially  spread  out,  and  the  manner  in  which  this  is 
accomplished;  Fig.  11,  the  pile  completely  spread  out;  and  Fig.  10 
the  same  pilC;  with  the  two  discarded  quarters  removed.  Figs.  12 
and  13  together,  indicate  the  manner  ot  beginning  a  new  pile. 

Machine  C,  the  Laboratory  Sampler. 

This  machine  occupies  a  space  some  14  inches  square,  and  about 
14  inches  in  height.     It  was  designed  for  cutting  down  the  ground 
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final  samples  of  the  B  machine,  and  for  the  sampling  of  the  many 
small  lots  of  material  weighing  from  20  to  500  pounds  that  are  con- 
stantly being  received  by  most  assay-offices.  Its  operation  is  as  fol- 
lows (reference  being  made  to  Fig.  15): 

The  material  is  fed  either  by  hand,  or  (with  large  lots)  from  a 
suitably  supported  bucket,  into  the  funnel,  F,  the  divider,  D,  being 
first  set  in  rotation  by  hand,  clock  work  or  any  convenient  power. 
The  divider  gives,  as  will  be  seen  by  inspection  of  the  drawing, 
eight  cuts  to  the  revohition,  four  being  delivered  to  the  funnel  1, 
and  four  to  the  receptacle  2;  that  is,  with  uniform  flow  and  speed, 
it  cuts  the  material  in  half.  The  divider  may  easily  run  100  revo- 
lutions per  minute,  giving  in  that  time  800  cuts,  a  very  much  greater 
distribution  and  division  than  can  be  secured  in  any  other  way. 
The  rejected  sample  passes  down  the  outlet,  Oj,  the  retained  portion 
through  the  outlet,  O^,  both  into  suitable  vessels.  The  retained  por- 
tion, should  it  be  too  large,  may  be  cut  again  and  again,  until  of 
suitable  size.  The  operation  is  very  accurate  and  very  rapid,  being 
about  as  fast  as  the  material  will  flow  through  a  one-inch  spout,  and 
very  much  faster  than  is  possible  with  hand-work  or  with  sampling- 
tin,  and  of  course  not  nearly  as  tiresome  or  expensive. 

Mixer  and  Divider. 

This  apparatus,  illustrated  in  Fig.  16,  entirely  obviates  the  tedi- 
ous and  often  inaccurate  methods  (usually  with  oil-cloth  and  spatula) 
now  in  use,  for  mixing  and  dividing  the  ground  samples  of  ore, 
matte,  slag  and  similar  materials.  An  experience  of  several  months 
has  shown  a  decided  improvement  in  accuracy,  speed,  and  general 
convenience  over  the  old  way,  the  saving  in  time  amounting  to  fully 
two-thirds.     The  operation  is  as  follows: 

The  ground  material  is  introduced  into  the  large  covered  funnel 
(mixer),  the  outlet  being  first  closed  by  thumb  or  finger  as  may  be 
most  convenient.  Funnel  and  contents  are  well  shaken  for  a  few 
moments,  and  then,  with  opened  outlet,  passed  to  and  fro  over  the 
set  of  distributing  funnels  (divider)  and  bottles  as  shown.  With 
very  finely  ground  or  very  light  material  the  flow  may  be  assisted 
by  a  slight  shaking  or  tapping  with  the  hand.  The  little  skill 
necessary  is  readily  acquired. 

To  test  the  efficiency  of  the  mixer,  a  lot  of  6  assay-tons  of  litharge,  3 
assay-tons  of  soda  and  three-quarters  assay -ton  of  argol  (9|  assay-tons 
altogether)  was  taken,  well  shaken,  and  divided  by  weight  into  three 
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lots  of  3^  assay-tons  each^  and  these  charges  were  fused  separately  in 
crucibles.  The  resulting  lead  buttons  weighed  53.436, 53.416^  63.308 
grammes,  which  result  should  be  conclusive  as  to  the  thorough- 
ness of  the  mixing. 

Tests  in  Practice. 

Having  considered  these  various  devices  as  j)arts  of  a  general 
system  of  ore-sampling,  it  may  be  well  to  return  to  the  investigation 
qf  the  large  machine,  paying  particular  attention  to  the  results  ob- 
tained. That  it  is  theoretically  possible  to  do  good  work  with  this 
machine  may  be  taken  for  granted ;  but  actual  use  must  demon- 
strate that  it  will  operate  satisfactorily  under  any  ordinary  working 
conditions.     Let  the  records  show  what  it  has  done. 

The  first  machine  built,  and  so  far  the  only  one,  has  now  been  in 
operation,  at  the  works  of  which  the  writer  has  charge,  for  some- 
thing over  a  year.  It  is  set  below,  and  takes  its  feed  directly  from, 
a  No.  2  Gates  crusher,  whose  capacity,  large  as  it  is,  is  very  much 
less  than  that  of  the  sampler.  The  product  of  this  crusher  will  not 
exceed  three-fourths  inch  ring-gauge  in  size.  No  attempt  what- 
ever is  made  to  secure  any  special  regularity  of  flow,  the  man  at  the 
crusher  feeding  as  may  be  most  convenient  for  himself.  The  dis- 
cai^ed  portion  of  the  sample  is  removed  by  bucket-elevator  to 
storage-bins,  the  two  final  samples  (of  200  to  500  pounds  each)  alone 
remaining  for  further  handling.  These  final  samples  are  often  ob- 
tained within  half  an  hour  after  the  last  of  the  material  is  out  of  the 
cai*.  They  should  be  crushed  to  one-quarter  inch  or  one-eighth 
inch  ring-gauge  and  run  through  the  smaller  sampler.  Having, 
however,  heretofore  had  neither  fine  crusher  nor  small  sampler,  we 
have  merely  quartered  them  down  by  hand  to,  say,  20  pounds,  passed 
them  through  a  laboratory  crusher,  cut  them  down  again  with 
sampling-tin  and  **  bucked'^  them;  the  ground  material  being  finally 
mixed  and  distributed  by  means  of  the  mixer  and  divider  previously 
described. 

Prior  to  the  introduction  of  this  machine,  our  works  had  treated 
54  car-load  lots  (about  30,000  pounds  each)  of  copper  matte,  on  which 
double  samples  were  made  by  hand.  The  average  assay-contents  of 
these  54  lots  were:  7.88  ounces  gold;  168  71  ounces  silver;  55.24 
per  cent  copper.  The  average  differences  between  the  two  samples 
of  each  lot  were  0.43  ounce  gold;  3.77  ounces  silver;  0.71  per 
cent  copper. 

Since  the  introduction  of  the  machine,  22  lots  of  ore  and  138  lots 
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of  matte  tiave  been  run,  the  latter  being  of  the  flame  general  char- 
acter as  the  hand-sampled  matte,  except  that  it  did  not,  as  a  rule, 
carry  so  much  "  metallics."     By  reason  of  these  "  metallios  "  much 
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of  this  matte  was  very  difficult  to  sample  accurately,  as  will  l>e  easily 
understood.  The  weights  of  these  160  loU  varied  from  65  pounds 
to  42,000  pounds,  averaging  not  less  thau  30,000  pounds. 
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Their  average  assay- con  tents  were  0.71  ounoe  gold;  112.04 
ounces  silver;  51.75  per  cent,  copper. 

The  average  differences  between  the  two  samples  of  each  lot  were 
0.02  ounce  gold  ;  1.19  ounces  silver;  0.23  per  cent,  copper. 

Reduced  to  percentages  for  the  sake  of  comparison  we  find  the 
average  differences  as  follows : 

Gold.  Sliyer.        Copper. 

Ounces.       Ounces.       Per  cent 

54  hand  samples, 5.46  2.24  1.29 

160  machine-samples,       ....    2.82  1.06  0.45 

Certainly  a  creditable  showing  for  the  machine.  The  high  per- 
centage differences  in  the  gold  are  accounted  for  by  the  multiplica- 
tion of  the  inevitable  error  in  weighing  such  small  quantities. 

In  all  of  this  work  the  upper  apportioner  was  set  to  take  one- 
eighth  of  the  entire  material  for  each  sample,  or  one-eighth  by  one- 
fourth  by  one-fourth, equal  to  one  one-hundred-and-twenty-eighthy  for 
each  of  the  final  samples.  Had  the  machine  operated  as  intended, 
each  of  the  latter  should  have  weighed,  for  a  40,000-pound  lot,  312J 
pounds.  Such  exact  results,  however,  are  very  rarely  attained,  as 
will  be  seen  from  the  following  weights  of  the  two  samples  from 
40,000-pound  lots.  This  list  was  taken  at  random,  and  is  believed 
to  be  fairly  representative : 

Outer  sample.  Inner  sample. 

170  413 

526  194 

473  191 

190  327 

300  315 

471  211 

238  360 

462  447 

101  166 

500  529 

It  will  be  noticed  that  sometimes  one  sample  is  the  larger  and 
sometimes  the  other. 

Within  about  these  limits,  there  seems  to  be  no  regularity  in  the 
weight  of  the  samples ;  generally  speaking,  however,  the  two  sam- 
ples, be  they  heavy  or  light,  do  not  vary  greatly  from  each  other. 
Some  of  the  samples  show  as  great  a  difference  in  weight  as  250 
pounds,  which,  compared  with  the  weight  of  the  samples  themselves, 
is  very  large ;  compared,  however,  with  the  weight  of  the  original 
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sample^  say  40,000  pounds,  it  raay  be  practically  neglected.  As 
frequently  demonstrated  by  observation,  it  is  certain  that  each  time 
the  sample  shoots  of  the  three  apportioner^  come  into  proper  posi- 
tion with  relation  to  each  other  (that  is,  each  time  they  line  up  as 
explained  in  the  description  of  the  machine),  a  portion  of  the  mate- 
rial under  treatment  drops  into  one  or  the  other  of  the  sample- 
buckets,  as  the  case  may  be.  This  portion  will  seldom  be  exactly 
the  calculated  quantity,  but  it  will  nevertheless  be  a  practical  sample 
of  a  small  part  of  the  entire  lot,  and  consequently  the  total  of  these 
small  samples  will  give  a  practical  sample  of  the  entire  lot  itself, 
whether  the  weights  are  theoretically  correct  or  not. 

When,  therefore,  there  are  two  absolutely  independent  samples  of 
this  character,  it  is  believed  that  an  insight  into  the  composition  of 
the  material  is  obtained  that  is  possible  in  no  other  way.  It  may  be 
remarked,  in  passing,  that  with  hand-sampling  the  same  number  of 
cuts  on  each  sample  will  give  6nal  samples  with  as  great  average 
diflFerences  in  weight  as  are  given  by  the  machine.  One  cause  for 
this  irregularity  in  weight  of  the  machine-samples  is  doubtless  the 
lack  of  uniformity  in  the  feed,  this  being  particularly  the  case  when 
the  samples  vary  between  themselves  and  when  they  weigh  less  than 
the  theoretical  quantity.  The  principal  cause  is  less  apparent,  and 
is  believed  to  be  due  to  the  manner  of  flow  of  the  crushed  material, 
as  is  explained  by  the  following  considerations. 

In  passing  through  the  machine,  the  material  may  be  conceived: 

1.  As  a  shower  of  particles,  nearly  uniform  in  size,  and  com- 
pletely filling  the  space.  In  this  case  the  upper  apportioner  would 
take  one-eighth,  the  intermediate  apportioner  one-fourth  of  the  one- 
eighth,  and  the  lower  apportioner  one-fourth  of  the  one-fourth.  That 
is,  the  machine  would  operate  as  intended,  and  each  final  sample 
from  a  40,000-pound  lot  would  weigh  312^  pounds. 

2.  As  concentrated  into  a  single  vertical  line  for  each  sample. 
In  this  case  the  speed-relations  of  the  three  apportioners  with  refer- 
ence to  each  other  would  cease  to  be  of  influence.  For  instance,  the 
upper  apportioner  makes  5  revolutions  in  one  direction,  while  the 
intermediate  apportioner  makes  16  revolutions  in  the  other;  tliat  is 
to  say,  moves  relatively  four  times  as  fast,  and,  under  the  first  case, 
one-fourth  of  the  "shower  of  particles"  which  passes  through  the 
sanrple-shoot  of  the  upper  apportioner  would  be  cut  out  by  the 
sample-shoot  of  the  intermediate  apportioner.  Under  the  second 
case,  the  "line  of  concentration"  would  be  cut  one-eighth  by  the 
upper  apportioner,  and  this  one-eighth  would  be  cut  one-third  by 
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the  intermediate  apportiouer,  exactly  as  though  the  upper  appor- 
Fig.  15. 
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tioner  revolved  in  the  eame  direction  as  the  intermediate,  and  ( 
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third  as  fast  (that  is,  as  5  to  15).  Under  the  first  case,  the  motioD 
of  the  upper  apportioner  influences  the  manner  in  which  the  stream 
18  cut  by  the  intermediate  apportioner.  Under  the  second  case,  it 
does  not ;  and  so  far  as  the  cutting  of  that  portion  of  the  stream 
which  reaches  the  intermediate  apportioner  is  concerned,  the  upper 
apportioner  might  as  well  not  exist.  The  same  reasoning  would 
apply  to  the  lower  apportioner,  and  we  would  have  for  the  cuts 
under  this  second  case  one-eighth  by  one-third  by  one-third,  equal 
to  one-seventy-second ;  that  is,  each  sample  from  a  40,000-pound  lot 
would  weigh  566  pounds. 

In  practice,  the  action  of  the  material  would  lie  somewhere  be- 
tween these  two  extremes,  generally  more  nearly  approaching  the 
former.  It  is  believed  that  a  large  share  of  the  variation  in  weights 
is  due  to  this  cause. 

It  is  obvious,  however,  that  in  either  case  a  practically  true  sample 
would  result,  so  that  this  whole  question  has  little  or  no  practical 
importance. 

As  showing  the  general  adaptability  of  the  machine,  two  extreme 
eases  may  be  given  : 

I.  As  a  test  of  capacity,  42,000  pounds  of  60  per  cent,  copper 
matte,  after  preliminary  crushing,  was  fed  by  hand  directly  to  the 
machine,  requiring  the  steady  work  of  three  good  shovelers.  The 
entire  lot  was  put  through  in  66  minutes,  the  resulting  samples 
weighing  601  and  300  pounds  respectively. 

II.  9900  pounds  of  oxidized  copper-ore,  carrying  about  50  per 
cent,  of  copper  and  7.5  per  cent,  of  moisture  (wet  enough  to  ball  in 
the  hand),  was  fed  directly  from  the  crusher  in  8  hours  (as  fast  as 
the  crusher  could  work,  on  account  of  the  character  of  the  ore),  the 
resulting  samples  weighing  117  and  110  pounds. 

In  both  cases  the  aasay-results  were  satisfactory.  From  the  above 
statements  it  will  be  recognized  that  in  the  somewhat  varied  and 
often  difficult  conditions  under  which  this  machine  has  heretofore 
worked,  it  has  -at  least  equalled  in  accuracy  the  best  of  hand- 
sampling,  which  is  the  acc€[)ted  standard  everywhere. 

What  it  will  do  with  the  innumerable  kinds  and  grades  of  ores 
and  other  pro<lucts  which  form  by  far  the  larger  portion  of  material 
subjected  to  sampling,  is  of  course  not  definitely  known  at  present. 
It  is  fair,  however,  to  judge  of  the  possibilities  of  the  future  by  the 
performance  of  the  past,  and  to  state  the  general  belief  that,  with 
any  material  that  can  be  crushed  (being  neither  too  wet  nor  too 
metallic),  or  that  is  fine  enough  to  need  no  crushing,  the  machine 
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will  give  results  equal  Id  accuracy  to  any  hand  sampling  at  a  Htnall 
fraction  of  the  expense,  and  in  very  much  less  time. 

Nor  must  the  fact  be  overlooked  that  the  double  samples,  furnished 
without  extra  expense  by  the  machine,  offer  an  excellent  saf^uard 
against  "salting"  and  against  errors  of  every  kind.  The  practical 
impossibility  of  "salting"  the  samples  from  this  machine  is  shown 
by  the  fact  that  both  samples  would  have  to  be  sajted  alike,  and  as 
the  weights  of  the  two  are  never  exactly  the  same,  any  attempt  of 
the  kind  would  be  almost  certain  to  result  iu  detection.     Moreover, 


Mixer  and  Divider. 

the  result  is  obtained  so  quiokly  that  it  is  easy  to  control  any  pos- 
sible difference,  either  of  fraud  or  of  error,  by  re-sampling  the  lot 
while  it  is  still  intact. 

It  may  be  objected  to  the  double  samples  that  they  increase  the 
assay-work..  This  may  be  true,  and  if  true  should  not  be  deemed  a 
drawback,  since  the  accuraoy  of  results  is  increased  in  the  same  pro- 
portion. But  it  will  not  necessarily  increase  the  work,  for  a  single 
assay  on  each  one  of  the  two  samples  is  certainly  far  better  than  a 
duplicate  assay  on  only  one  sample.    With  proper  appliances,  as  in- 
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dicated  in  this  paper,  the  extra  labor  in  preparing  the  samples  is 
very  small. 

In  computing  the  relative  cost  of  sampling  with  this  machine 
and  by  hand,  it  is  best  to  begin  with  the  ore  as  it  issues  from  the 
crusher,  and  to  end  with  the  delivery  of  the  crushed  and  sampled 
material  into  its  appropriate  bin. 

In  the  latter  case,  this  delivery  must  be  accomplished  almost 
entirely  by  hand -labor  (generally  with  wheel-barrows),  while  with 
machine-sampling  it  is  done  almost  entirely  by  elevators  or  con- 
veyors. 

Tl)e  large  machine  will  readily  handle  20  tons  of  material  an 
hour,  and  it  may  be  assumed  that,  for  each  lot  of  this  size,  the 
man  in  charge  will  require  another  hour  to  clean  the  machine 
and  to  run  the  samples  through  the  small  machine  to  their  final 
size. 

The  expense  for  the  two  hours  would  be : 

Two  hours  for  one  man,  say $0.50 

Power  and  lubrication,  say 0.05 

Wear  and  tear,  say 6.06 

Total  for  20  tons, 10.60 

For  1  ton, $0.03 

This  has  been  shown  by  experience  to  be  a  very  liberal  estimate. 
Power  and  lubrication  cost  much  less  than  is  charged,  while  the  wear 
resulting  from  a  year's  work  of  the  existing  machine  is  practically 
nothing,  although  in  this  first  machine  all  the  parts  are  much  lighter 
than  in  the  ones  now  building.  Moreover,  the  entire  time  of  the 
man  has  been  charged  to  sampling,  whereas  it  is  perfectly  feasible  to 
have  him  feed  the  crusher  or  do  other  work;  in  short,  one  man  is 
sufficient  to  do  all  of  the  actual  sampling-work  of  a  mill  handling  not 
over  100  tons  of  sample  or,  say,  500  to  1000  tons  of  ore  a  day. 

For  the  hand-sampling  of  20  tons  (of  original  sample)  there 
would  be  required  at  least : 

Two  shovelers  for  ten  hours  at  20  cents  per  hour,    .        .        .    $4.00 
One  wheel-barrow-man  for  ten  hours  at  20  cents  per  hour,      .      2.00 


Total  for  20  tons,        .        .        .        •        .        .        .       ".    $6.00 
For  1  ton, $0.30 
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This  expense  should  give  double  samples.     For  a  single  sample 
the  cost  would  be : 

One  shoveler  for  twelve  hours  at  20  cents,        ....    $2.40 
One  wheel-barrow-man  for  ten  hours  at  20  cents,  .        .      2.00 


Total  for  20  tons, $4.40 

For  1  top,  .        .        .        , $0.22 

That  is,  the  machine  delivers  double  samples  at  one-seventh  the 
cost  of  single  samples  by  hand,  or  at  one-tenth  the  cost  of  double 
samples  by  hand.  Nor  does  this  saving,  large  as  it  is,  by  any  means 
represent  the  total  gain  from  the  use  of  this  machine,  for  the  numer- 
ous advantages  elsewhere  enumerated  undoubtedly  lead  to  important 
reductions  of  expense  that  are  not  so  readily  determinable.  To 
all  of  which  is  added  the  satisfaction  of  always  knowing  exactly 
what  is  being  done,  and  the  additional  satisfaction  of  knowing  it 
promptly. 

For  the  hand-sampling  of  100  tons  of  original  sample  a  day,  a 
flo«  r-space  of  at  least  2000  square  feet  would  be  required,  while  for 
machine-sampling  not  over  200  square  feet  is  necessary.  An  inspec- 
tion of  Fig.  14  will  give  an  idea  of  the  possibilities  in  this  direction, 
a  properly  constructed  works  being  there  shown  in  elevation  and 
ground-plan.  An  equally  efficient  plan  may  be  made  for  level  ground 
by  arranging  to  deliver  the  entire  sample  from  either  the  large  car, 
F,  or  the  small  car,  Q,  directly  to  the  crusher,  which,  with  its  rolls, 
should  be  set  above  the  sampler  if  practicable.  This  arrangement 
avoids  the  necessity  for  bucket-elevators  between  the  crushing-ma- 
chinery and  the  sampler,  thereby  doing  away  with  a  great  deal  of 
vexatious  cleaning  and  of  risk. 

Where  it  is  not  possible  to  escape  this  use  of  elevators,  the  writer 
has  designed  a  special  construction  in  which  both  cleaning  and  risk 
are  reduced  to  a  minimum.  The  railroad  car,  F  (Fig.  14),  after 
passing  the  scales,  X,  is  unloaded  into  any  one  of  the  bins,  D,  of 
which  there  may  be  any  number.  As  the  unloading  proceeds,  the 
portion  required  for  sample  (be  it  one-tenth  or  one-fifth  or  the  entire 
lot)  is  delivered  through  troughs,  S,  which  are  located  between  each 
two  bins,  D,  into  one  or  more  cars,  Q,  which,  in  turn,  deliver  into 
the  hopper,  Bj.  From  B^  the  material  passes  the  crusher,  C,  the 
rolls,  R,  and  the  large  sampler,  H,  the  discarded  portion  (all  but  a 
few  hundred  pounds)  passing  into  the  elevator,  E,  and  thence  by 
cars,  M,  to  the  same  bin  as  the  rest  of  the  lot,  or  to  any  other  de« 
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sired  point.  The  samples  in  the  bucketB  1  and  2,  weighing  but  a 
few  hundred  pounds  each,  are  elevated  by  chain-tackle  to  the  tilting- 
frame,  T,  whence  they  pass  through  the  hopper,  B,,  the  fine  rolls,  O^ 
and  the  small  sampler,  N,  the  discarded  portion  going  to  the  eleva- 
tor, E^  and  the  final  samples,  of  a  few  pounds  each,  to  the  sample 
grinder,  G,  and  thence  to  the  assay-office. 

Such  a  plant  will  secure  not  only  the  greatest  economy,  but  also 
the  greatest  security  from  errors  and  from  malicious  interference  with 
the  samples. 

As  showing  the  adaptability  of  these  machines,  it  may  be  men- 
tioned that  one  of  the  largest  smelting-works  on  this  continent  is 
now  putting  in  a  set  of  three,  two  large  and  one  small.  The  entire 
sampling-plant  is  to  be  located  adjacent  to  the  main  engine,  the 
machines  themselves  being  in  a  room  excavated  below  the  level  of 
the  crusher-floor.  An  ordinary  sampling-floor  could  not  iiave  been 
so  located  by  reason  of  the  room  required,  and  would  have  required, 
moreover,  an  independent  engine.  This  saving  in  building  and  ma- 
chinery will  probably  more  than  equal  the  entire  cost  of  the  sampling 
machinery.  'Either  one  of  the  large  machines  would  be  abundantly 
sufficient  for  all  the  work ;  but  two  are  to  be  employed,  one  for  oxide 
and  the  other  for  sulphide  ores,  it  being  desirable  to  keep  these  two 
classes  of  material  entirely  separate,  and  cheaper  to  employ  two 
machines  than  to  do  the  transportation  and  handling  which  would 
otherwise  be  necessary. 

In  conclusion,  it  may  be  emphasized  that  this  machine  is  no  longer 
an  experiment.  Its  record  of  over  one  million  dollars'  worth  of 
material  purchased  entirely  on  its  samples,  and  from  men  who  would 
tolerate  no  loose  work,  places  it  fairly  in  the  category  of  accom- 
plished facts. 


THE  FLOBENGE  OIL-FIELD,  COLORADO. 

BY  GEO.  H.  ELDRIDGE,  U.  S.  GEOLOGICAL  SURVEr,  WASHINGTON,  D.  C. 

(Glen  Summit  Meeting,  October,  1891.) 

Introduction. 

This  sketch  of  the  Florence  oil-field,  presented  to  the  Institute  by 
permission  of  the  Director  of  the  U.  8.  Geological  Survey,  is  accom- 
panied with  a  map.  Fig.  1,  the  topography  of  which  has  been  taken 
from  a  field-manuscript  of  the  Survey.     The  scale  of  the  map  and 
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the  sectioDB,  Fig,  2,  as  herewith  printed,  is  3  miles  to  the  inch.     The 
symbols  employed  to  indicate  geological  formations,  etc.,  are: 

a,  Archsean ;  S,  Silurian  ;  C,  Carboniferous ;  T,  Trias ;  J,  Jura ; 
Kd,  Dakota  (Cretaceous);  Kb,  Benton;  Kn,  Niobrara;  M,  Mon- 
tana (including  Pierre  and  Fox  Hills);  Kl,  Laramie;  q,  Quater- 
nary; O,  Oil-zone;  W,  Wells. 

The  dots  in  the  vicinity  of  the  town  of  Florence  indicate  the 
positions  of  the  wells. 

The  outlines  of  the  Tertiary  formations  have  been  omitted  inten- 
tionally.    The  areas  of  these  formations  are  very  small. 

Geographical  Pomtion  of  the  Field. — ^The  Florence  oil-field  lies  in 
Fremont  Co.,  Colorado,  along  the  valley  of  the  Arkansas  river  in 
close  proximity  to  the  eastern  base  of  the  Rocky  Mountains.  Its 
present  center  of  production  is  near  the  town  of  Florence,  92  miles 
a  little  west  of  south  from  Denver,  30  miles  in  a  west-northwest 
direction  from  Pueblo,  and  8  miles  below  CaQon  City — the  point  of 
exit  of  the  river  from  the  range.  Its  rail  communication  east  and 
west  is  by  the  Denver  and  Rio  Grande,  and  Atchison,  Topeka  and 
Santa  F6  systems. 

Development  of  the  Petroleum  7wcii4«<ry.*— Indications  of  petroleum 
were  first  observed  in  the  course  of  early  explorations  by  an  army 
officer  in  the  cafion  of  Oil  creek,  at  a  point  about  six  miles  northeast 
of  the  present  site  of  Cafion  City.  The  occurrence  was  in  the  form  of 
seepage  in  the  creek-bottom,  at  the  foot  of  blufis  of  Jurassic  age. 
It  was  in  this  locality,  in  March,  ]862,  that  the  first  active  pros- 
pecting was  begun  by  a  Mr.  Cassidy,  who  sank  six  wells  to  a  depth 
of  from  60  to  90  feet  and  two  to  a  depth  of  400  feet,  but  found  oil 
only  in  the  strata  near  the  surface.  This  was  pumped,  crudely  re- 
fined, and  shipped  to  Denver  and  other  territorial  markets,  where  it 
sold  for  $1.25  to  $2.85  per  gallon,  the  price  at  one  time  reaching  $5 
per  gallon.  The  sales  up  to  1870  are  said  to  have  amounted  to 
3000  gallons. 

In  1866  and  1873  two  other  wells  were  sunk  to  depths  of  312 
feet  and  342  feet  respectively,  without  developing  any  other  than 
the  supply  already  encountered  a  short  distance  beneath  the  surface. 

Subsequently  to  this — ^1877  to  1885 — three  companies,  the  Ar- 
kansas Valley  Oil  and  Land  Company,  commonly  known  as  the  Cas- 


*  For  much  of  the  earlier  history  of  development,  acknowledgment  is  due  Prof. 
M.  C.  Ihlseng's  Report  on  Oil-Fields  of  Fremont  OourUyj  in  the  Annual  Report  of 
the  Colorado  8tate  School  of  Mines  for  1885. 
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M«p  of  the  Florence  Oil-Field,  Cotoisdo. 
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sidy  Company,  the  Land  Investment  and  Coal  and  Iron  Company, 
afterwards  becoming  through  one  or  two  transitions  the  Colorado 
Oil  Company,  and  the  Cafion  City  Oil  Company,  undertook  explora- 
tions on  the  prairie  bordering  the  Arkansas  river  below  Cafion  City. 
These  were  the  first  explorations  in  strata  of  the  Montana  group  of 
the  Cretaceous,  the  group  that  alone  affords  the  yield  of  to-day. 

The  Arkansas  Valley  Company  was  developed  from  individual 
interests  which  embraced  two  wells:  one  experimental,  located 
a  half  mile  below  Cafion  City,  to  the  south  of  the  river,  bored 
in  1877  and  abandoned  at  a  depth  of  900  feet  without  discover- 
ing oil ;  the  other  near  the  present  town  of  Coal  Creek,  sunk 
in  1880  for  water,  in  which  oil  was  encountered  at  a  depth  of  1200 
feet,  but  which  was  abandoned  on  account  of  loss  of  tools  and  liti- 
gation. The  company  wells  were  located  about  If  miles  south- 
southeast  of  the  present  site  of  Florence,  were  6  (7?)  in  number, 
ranged  in  depth  to  1740  feet  (one  to  3012  feet),  one  of  which  was 
dry,  the  others  producing  from  J  barrel  to  20  barrels  (one,  accord- 
ing to  account,  100  barrels)  jier  day,  some  of  which  are  yielding  at 
the  present  time. 

The  Land  Investment  and  Coal  and  Iron  Company,  incorporated 
in  1882  and  subsequently  dissolved,  was  taken  up  by  D.  6.  Pea- 
body,  its  former  president,  and  finally  became  the  Colorado  Oil  Com- 
pany of  1885-6.  The  wells  of  this  company  in  the  latter  year  num- 
bered twelve,  were  with  one  exception  within  f  mile  of  the  site  of 
Florence,  ranged  in  depth  to  1700  feet,  and  included  several  good 
producers,  although  the  majority  were  small  in  yield.  This  com- 
pany and  the  Arkansas  Valley  Company  were  in  the  year  1887 
absorbed  by  the  United  Oil  Company  of  the  present  day. 

The  Cafion  City  Oil  Company  was  incorporated  in  May,  1883. 
Its  single  well  is  located  in  the  viciuity  of  Oil  creek  about  3  miles 
east-northeast  of  Cafion  City,  and  6J  miles  northwest  of  Florence. 
Oil  is  reported  as  having  been  encountered  at  a  depth  of  300  feet, 
followed  at  a  short  interval  by  salt  water  which  eventually  caused 
the  abandonment  of  the  hole;  a  depth  of  1700  feet,  however,  is  said 
to  have  first  been  reached. 

The  companies  at  present  in  the  field  are,  in  order  of  magnitude : 
the  United,  the  Florence,  the  Rocky  Mountain,  and  the  Triumph, 
the  first  two  having  been  established  about  the  year  1887,  the  others 
more  recently,  the  Rocky  Mountain  Company  being  the  youngest 
(1890). 

In  addition  to  the  wells  of  these  companies,  there  are  distributed 
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over  the  field  at  considerable  distances  from  the  present  center  of 
production,  a  number  of  holes  that  have  been  drilled  with  varying 
success  by  individual  enterprise. 

Topography. 

The  Florence  oil-field  is  confined  within  the  limits  of  a  synclinal 
basin.  It  is  elliptical  in  area,  the  major  a^is  having  a  trend  of  N. 
15^  W.  and  a  length  of  about  14  miles,  the  minor,  a  length  of  8 
miles.  Its  topographical  features  are  about  equally  attributable  to 
structure,  erosion,  and  rock-textures.  The  eastern  rim  of  the  basin, 
never  so  completely  developed  as  the  other  portions  of  the  periphery, 
has  been  considerably  abraded  by  erosion.  This  is  especially  the 
case  north  of  the  Arkansas  river.  To  the  south  of  the  river,  how- 
ever, the  rim  is  still  clearly  visible  in  the  gentle  rise  of  land  to  the 
southeast,  its  exterior  edge  being  especially  accented  by  a  sharp  drop 
in  contours  at  the  locally  eastern  limit  of  the  Montana  group.  South- 
ward this  rim  passes  directly  into  a  minor  though  well  developed 
ridge  that  juts  at  an  acute  angle  from  the  main  range  of  mountains 
forming  the  western  boundary  of  the  synclinal.  Northward  the 
eastern  rim  passes  into  what  might  at  first  be  regarded  as  the  west- 
ern spur  of  a  double  echelon-fold,  the  lofty  mass  of  mountains  in- 
volved in  the  flexures  carrying  the  face  of  the  range  fully  twenty- 
five  miles  to  the  east,  and  presenting  the  finest  illustration  of  the 
Echelon  type  of  topography  and  its  manner  of  development,  to  be 
found  in  the  entire  length  of  the  Colorado  range. 

In  the  western  half  of  the  field  and  south  of  the  Arkansas  river 
lies  a  conspicuous  mesa,  co-extensive  with  the  Laramie  formation, 
which  is  here  composed  of  a  succession  of  heavy  bedded  sandstones 
that  on  the  northern,  eastern,  and  southern  periphery  of  the  mesa 
form  abrupt  bluffs  overlooking  the  rolling  prairies  of  the  Montana. 
There  is  also  an  outlier  of  the  Laramie  to  the  north  of  the  river, 
two  and  a  half  miles  northwest  of  Florence,  known  as  *' Castle  Rock." 

Erosion  together  with  preservation  beneath  caps  of  Quaternary 
gravel  has  given  existence  to  several  other  prominent  heights  through- 
out the  field  but  in  none  of  them  are  found  strata  of  younger  age 
than  the  Montana. 

The  drainage  of  the  area  is  by  the  Arkansas  river  and  its  lateral 
tributaries,  the  latter  carrying  but  slight  surface  flows. 
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Geology. 
Deacriptixm  of  the  Formations, 

The  stratigraphy  of  the  Florence  oil-field  and  its  confines  embraces 
formations  of  Archsean,  Silurian,  Carboniferous,  Triassic,  Jurassic, 
Cretaceous,  and  Tertiary  ages.  Of  these  the  Cretaceous  formations 
are  of  chief  concern  in  the  present  study;  they  comprise  the  Dakota, 
the  Benton  and  Niobrara  (together  constituting  the  Colorado  group), 
Pierre  and  Fox  Hills  (constituting  the  Montana  group),  and  the 
Laramie. 

On  the  northern  and  northern  third  of  the  western  edge  of  the 
field  the  sedimentary  formations  from  the  Colorado  down  lie  in  a 
fringe  along  the  Archsean  and  dip  quite  uniformly  30^  beneath  the 
prairie;  a  short  distance  south  of  the  Arkansas  river,  however, 
structural  peculiarities  assert  themselves,  and  from  this  point  south- 
ward to  beyond  the  limits  of  the  field  the  Archaean  is  in  direct 
contact  with  the  Pierre  shales  of  the  Cretaceous.  The  formations 
younger  than  the  Colorado  lie  wholly  within  the  prairie  region* 

The  Older  FormcUions;  the  Laramie  and  the  Tertiary. — The 
Archaean  consists  of  a  series  of  granites  and  schists  ;  the  Silurian 
and  Carboniferous,  of  limestones;  the  Trias,  of  the  well-known 
*'  Red  Beds  "  of  the  Rocky  Mountain  region,  a  series  of  massive  beds 
of  coarse  conglomerates  and  sandstones  in  its  lower  division,  of  finer 
brick-red  sandstones,  shales,  and  interspersed  limestones  in  its  upper ; 
and  the  Jura,  of  shales,  limestones,  and  occasional  sandstones.  Pass- 
ing for  the  present  directly  to  the  Laramie,  this  formation  comprises 
a  series  of  heavy  bedded  sandstones  with  intercalated  shales,  and  in 
the  lower  portion  workable  beds  of  excellent  coal.  In  many  parts 
of  Colorado  the  proportion  of  shales  to  sandstones  is  much  greater 
than  here.  The  Tertiary  formations  are  two ;  the  lower,  a  series  of 
coarse  conglomerates  and  sandstones  derived  from  the  older  forma- 
tions, 250  feet  to  300  feet  in  thickness;  the  upper,  a  succession  of 
conglomerates,  sandstones,  and  shales  of  eruptive  dibria.  The  former 
probably  corresponds  to  the  Arapahoe  formation  of  the  Denver  field, 
the  latter  to  the  Denver  formation  of  the  same  region.  The  areas 
occupied  by  the  two  Tertiaries  are  small  and  isolated. 

The  Cretaceous  formations  have  the  same  general  characteristics 
in  the  present  field  as  elsewhere  in  the  Rocky  Mountain  and  prairie 
regions. 

The  Dakota  Formation. — This,  the  basal  member  of  the  series,  is 
essentially  a  sandstone  formation  between  200  and  300  feet  thick, 
divided  into  two  or  more  benches  by  bands  of  fire  clay  or  other 
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argillaceous  matter,  the  lowest  bench  having  a  prominent  and  per- 
sistent zone  of  characteristic  conglomerate  at  its  base.  The  material 
of  the  sandstones  is  a  white  quartz,  of  fine  to  medium  grain ;  it  is  in 
many  localites  infiltrated  with  a  siliceous  cement  which  imparts  to 
the  rock  a  quartzitic  appearance.  The  usual  color  of  the  Dakota 
sandstone  is  white  or  grayish-white,  but  it  may  be  darkened  several 
shades  by  the  presence  of  iron  or  disseminated  asphalt.  This  latter 
feature  is  not  of  infrequent  occurrence  in  the  West,  and  in  several 
localities  the  bituminous  matter  seeps  from  the  rock  in  well  developed 
springs.  In  the  Florence  field  the  formation  is  heavily  charged  with 
mineral  water  which  rises  to  the  surface  in  copious  flows  wherever 
the  strata  are  tapped  by  drilling. 

The  fossils  of  the  Dakota  in  Colorado  are  chiefly  confined  to  plant 
remains. 

The  Bevdon  Formation. — This  is  a  formation  of  black  argillaceous 
shales,  passing  by  transitional  beds  into  the  Dakota  below,  and  the 
Niobrara  above,  though  into  the  former  in  a  manner  more  or  less 
abrupt.  Its  thickness,  like  that  of  the  other  marine  Cretaceous  forma- 
tions in  the  West,  varies  considerably  from  point  to  point,  but  is 
generally  between  400  feet  and  800  feet,  in  the  present  field  falling 
somewhat  below  the  lower  figure.  In  addition  to  its  leading  char- 
acteristics— its  black  or  leaden-hued  color,  argillaceous  composition, 
and  shaly  nature — it  is  marked  by  the  occurrence,  here  and  there, 
of  a  few  narrow  and  intermittent  bands  of  fossiliferous  limestones, 
more  or  less  bituminous;  by  the  frequent  presence  at  certain  hori- 
zons of  concretionary,  clay  ironstones ;  and  by  the  occasional  appear- 
ance of  a  few  narrow  bands  of  impure  argillaceous  sandstones.  As  the 
summit  of  the  formation  is  approached,  the  clays  become  more  calcare- 
ous, and  the  limestone  more  prominently  developed,  the  latter  often 
bearing  a  distinct  resemblance  to  the  lower  layers  of  the  important 
bed  at  the  base  of  the  Niobrara,  though  rarely  attaining  a  thickness 
of  over  four  or  five  feet.  Among  the  characteristic  fossils  of  this 
formation,  Ostrea  congesta  and  Inoceramua  problemaiiensj  together 
with  Selachian  teeth  are  especially  well  represented,  the  last  par- 
ticularly in  the  more  bituminous  layers. 

The  Niobrara  Formation. — The  thickness  of  this  formation  varies 
throughout  the  West  from  a  mere  trace  to  approximately  400  feet, 
approaching  the  latter  figure  in  the  present  region.  When  fully 
developed  it  is  separable  into  three  divisions:  the  lowest,  a  bluish- 
gray,  hard,  coarsely  laminated  limestone  of  an  average  thickness  of 
40  feet;  the  middle,  a  succession  of  gray  marly  clays,  100  feet;  the 
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uppermost,  a  series  of  calcareo-arenaceous  clays  of  various  shades  of 
yellow  or  buff,  remarkable  for  the  presence  of  "  alkali  salts  "  and  con- 
taining several  bands  of  impure,  yellow,  saccharoidal,  fossiliferous 
limestone.  The  basal  member,  from  its  general  persistency  and  the 
prominence  of  its  characteristics,  forms  an  admirable  datum-level 
for  reference  in  the  study  of  Cretaceous  stratigraphical  geology. 
The  life  of  the  Niobrara  includes  three  especially  prominent  mollus- 
can  forms,  Ostrea  congesta,  Inoceramua  problematicuSf  and  Inocera- 
mu8  deforviia^  the  last  a  very  characteristic  species ;  fish  integuments 
are  also  common. 

The  Pierre  Formation. — This  formation  is,  in  the  main,  a  great 
body  of  leaden-gray  clays,  carrying  from  bottom  to  top  lenticular 
bodies  of  impure  limestone,  and,  in  several  localities,  midway  in  the 
series  of  beds,  a  zone  of  yellowish,  quartzose,  and  more  or  less 
calcareous  sandstone  of  a  thickness  varying  from  100  feet  to  200 
feet.  In  the  Florence  field  no  evidence  of  this  sandy  zone  exists,  but 
at  several  points  in  the  vertical  scale  there  can  be  noticed  a  tendency 
of  the  clays  toward  a  fine,  arenaceous  composition. 

Though  the  formation  attains  the  exceptional  thickness  of  over 
7000  feet  in  the  vicinity  of  Denver,  Colorado,  it  generally  falls  far 
below  this  figure,  rarely  attaining  1600  feet,  and  frequently  only 
700  feet  or  800  feet.  In  the  Florence  field  the  thickness  is  probably 
about  4450  feet.  The  clays  are  in  general  of  remarkably  uniform 
texture ;  ofleii  show  a  tendency  to  concretionary  structure,  though 
always  clearly  and  evenly  stratified;  are  plastic  in  a  noticeable 
degree,  and  have  a  minor  distribution  of  lime,  gypsum  and  ''alkali 
salts  "  throughout.  The  lenticular  bodies  of  limestone  occur  pro- 
miscuously through  the  formation  and  carry  the  bulk  of  its  fossils* 
The  dimensions  of  these  bodies  vary  between  2  and  6  feet  in  the 
direction  parallel  to  the  bedding  planes  of  the  clays  and  between  6 
inches  and  2  feet  in  the  direction  normal  to  these  planes.  Their 
composition  lies  between  that  of  a  clay  with  very  little  carbonate  of 
lime,  and  a  very  pure  limestone,  generally  inclining  to  the  more 
calcareous  variety ;  they  are  frequently  reticulated  with  narrow  cal- 
cite  seams.  In  many  of  the  limestone  bodies,  and  occasionally  in 
the  clays,  minute  particles  of  carbonized  vegetable  tissues  abound. 
The  life  of  the  formation  is  abundant,  but  its  especially  prominent 
forms  are  mainly  included  in  the  genera  InoceramtLS,  OuouHsBa^ 
Nautilus,  Placenticeras,  BaculUeSf  and  Scaphites.  As  the  summit 
of  the  Pierre  is  approached  the  clays  very  gradually  become  more 
and  more  arenaceous,  though  never  losing  their  distinctly  argilla^ 
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ceons  composition  until  the  indefinite  line  between  this  and  the  over- 
lying formation  is  passed,  when  the  material  becomes  as  marked  an 
argillaceous  sandy  shale  as  it  was  before  the  reverse. 

The  Fox  Hills  Formation. — Excepting  its  persistent  and  distinc- 
tive cap  of  yellow  fossiliferous  sandstones  of  a  thickness  of  from  10 
to  60  feet,  this  formation  embraces  a  series  of  fine  arenaceous  shales 
with  a  large  percentage  of  clay,  varying  in  thickness  between  300  feet 
and  1000  feet,  according  to  locality.  In  the  Florence  field  their  thick- 
ness has  been  estimated  at  450  feet.  Limestone  concretions  similar 
to  those  in  the  Pierre  occur  here  and  there  throughout  the  shales. 
There  is  a  transition  in  life  as  well  as  in  sediment  from  the  Pierre 
to  the  Fox  Hills,  and  only  at  the  summit  of  the  latter  formation 
does  it  l>ecome  completely  differentiated. 

The  Thickness  of  the  Montana  Group  {Pierre  and  Fox  Hills)  in  the 
Florence  Oil-field. — ^This  has  been  taken  at  4900  feet,  of  which  450 
feet  have  been  allotted  the  Fox  Hills,  leaving  4450  feet  as  the  thick- 
ness of  the  Pierre.  The  total  thickness  of  the  group,  4900  feet,  is 
based  upon  the  following  evidence,  an  actual  measurement  on  a  defi- 
nite line  being  found  impracticable.  In  one  of  the  wells  in  the  east- 
ern portion  of  the  area  at  present  developed,  Pierre  shales  were  alone 
passed  to  a  depth  of  3300  feet.  The  line  of  union  of  Pierre  and  Fox 
Hills  indisputably  lies  to  the  west  of  the  point  at  which  the  hole 
was  drilled,  and  had  the  Niobrara  been  entered  it  would  have  im- 
mediately been  recognized  by  its  color  and  difference  in  chemical 
and  physical  composition  from  the  Pierre.  The  base  of  the  forma- 
tion was  arbitrarily  established  200  feet  beneath  the  bottom  of  this 
well.  This  additional  distance  in  depth  was  taken  :  first,  because 
no  evidence  existed  of  the  base  of  the  formation  having  been  reached 
in  the  well,  and  it  was  therefore  necessary  that  some  increase  should 
be  made;  secondly,  1|  miles  east  of  the  well  in  question  are  two 
others,  yielding  artesian  water,  the  start  in  drilling  them  having 
been  made  at  a  horizon  not  over  50  feet  beneath  the  summit  of  the 
Niobrara;  thirdly,  no  dips  were  anywhere  observed  of  greater 
degree  than  sufficient  to  c^rcy  the  strata  into  the  positions  assigned 
them  upon  the  above  basis.  The  observed  surface  dips  were  usually 
much  less  than  required  under  the  above  conditions,  but  flexures  in 
the  strata  unquestionably  occur  to  compensate  any  lack  in  this 
direction.  At  several  points  in  the  field  such  flexures  were  apparent. 
The  thickness  of  the  remainder  of  the  Montana  from  the  above  well 
westward  to  the  clearly  defined  line  of  the  base  of  the  Laramie  is 
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determined  from  careful  observations  of  dip,  distance,  and  difference 
in  altitude. 

It  is  rarely  that  the  Montana  group  can  be  separated  into  its  com- 
ponent formations  at  any  distinct  line,  but  there  is  almost  always  a 
change  of  aspect  both  in  its  composition  and  its  fossils  within  a  zone 
of  100  feet  or  200  feet  that  enables  one  to  decide  as  to  the  presence 
of  the  one  or  the  other.  Such  is  the  case  in  the  present  field,  and 
at  several  points  on  the  higher  lands,  in  the  vicinity  of  a  line  pass- 
ing N.  16  W.  a  half  mile  west  of  Florence,  the  rocks  have  a  distinct 
Fox  Hills  aspect.  On  the  visible  dips  (mostly  5°)  between  this  line 
and  that  of  the  base  of  the  Laramie  to  the  west,  with  the  requisite 
allowance  for  difference  in  altitude  between  the  two,  450  feet  has 
been  regarded  as  the  nearest  possible  approximation  to  correctness. 

The  thickness  assigned  the  Pierre  formation  is  one  of  difference 
between  that  determined  for  the  Montana  as  a  whole  and  that  of  the 
Fox  Hills. 

Mr,  Johnson,  Superintendent  of  the  Florence  Oil  Company,  has 
determined  a  thickness  of  4500  feet  for  the  Montana  group,  based 
upon  measurements  made  by  him  in  the  foot-hills. 

The  Structure  op  the  Field. 

The  Florence  oil-field  lies  within  a  synclinal  of  elliptical  area,  the 
major  axis  of  which  has  a  trend  of  N.  15  W.  and  passes  somewhat 
east  of  the  center  of  the  region  occupied  by  the  Laramie,  the  minor 
axis  passing  across  the  field  about  a  mile  south  of  the  town  of  Coal 
Creek.  The  structure  of  the  Held  and  the  related  region  that  adjoins 
it  on  the  east,  has  been  brought  about  by  the  combined  influence  of 
what  is  in  reality  a  comparatively  slightly  developed'  secondary 
mountain  fold  and  a  fold  en  ichelon,  the  latter  lying  to  the  east  of 
the  former. 

The  secondary  fold  appears  in  the  anticlinal  arch  crossing  the 
Arkansas  river  at  the  'mouth  of  Brush  creek,  its  axis  passing  just 
east  of  Kendrick  mountain.  Its  southern  limit  is  sharply  emphasized 
in  a  fold  jutting  to  the  northward,  at  an  acute  angle  froni  the  main 
front  range,  at  a  point  about  thirteen  miles  due  south  of  Florence. 
Northward  the  arch  passes  into  what  might  be  at  first  regarded  as 
the  western  spur  of  a  double  6chelon  fold,  but  which  is,  however, 
distinct  in  structure,  though  in  a  measure  related  to,  and  probably 
of  synchronous  development  with  the  true  Echelon  fold  to  the  east. 

The  fold  en  ichelon  which  lies  M'holly  to-  the  east  of  the  area 
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mapped  for  this  paper,  but  which  may  be  referred  to  on  sheet  XIII. 
of  Hayden's  Athia  of  Colorado,  has  had  an  extensive  influence  upon 
the  superficial  relations  of  the  Cretaceous  formations  east  of  the  sec- 
ondary fold  just  described.  Its  axis  lies  well  out  on  the  prairie,  and 
the  effect  of  its  arch,  rapidly  flattening  as  distance  south  is  gained,  is 
manifest  in  the  outcrops  of  one  or  another  of  the  lower  three  forma- 
tions of  the  Cretaceous,  not  only  along  the  river  from  the  eastern 
rim  of  the  oil-field  to  a  point  several  miles  below  Pueblo,  but  also 
for  a  considerable  distance  to  the  south  of  the  river.  From  within 
this  great  area  of  its  influence  the  Montana  group  has  for  the  most 
part  been  removed,  and  with  it  the  oil-zone  of  the  Florence  field. 

Questions  &s  to  the  presence  of  faults  and  fissures  within  the  limits 
of  the  Florence  oil-field  have  repeatedly  arisen.  That  slight  local 
displacements  of  strata  have  taken  place  can  hardly  be  doubted,  es- 
pecially in  the  shales  of  the  Montana,  which  show  numerous  flexures, 
but  the  occurrence  of  faults  of  considerable  displacement,  aflecting 
the  series  of  formations  underlying  the  field,  is  negatived  by  the 
enormous  flows  of  artesian  water  from  the  Dakota  sandstones  wher- 
ever pierced.  The  points  of  entrance  of  such  waters  are  at  the  out- 
crops of  the  formation  at  the  base  of  the  mountains,  and  their  con- 
stant and  copious  discharge  precludes  all  possibility  of  interruption. 
Again,  such  slight  displacements  in  the  body  of  shales  as  may  have 
occurred,  no  matter  how  widely  distributed,  can  hardly  have  left  the 
series  open- fissured  in  such  a  manner,  for  instance,  as  to  form  reser- 
voirfi  for  the  reception  of  infiltrating  oil,  a  view  held  by  some,  for 
the  plasticity  and  yielding  nature  of  the  shales  would,  on  account  of 
accompanying  pressure,  very  generally  prevent  the  formation  of  such 
cavities.  The  possibility,  however,  of  the  occasional  existence  of  open 
fissures  within  the  Pierre  is  not  denied,  but  they  must  be  small  and 
of  slight  extent  both  in  vertical  and  horizontal  range.  Their  exist- 
ence cannot  aflect  the  general  views  expressed  beyond  in  regard  to 
the  nature  of  the  occurrence  of  the  oil,  for  in  any  event  the  fissures 
would  be  but  reservoirs  of  a  more  open  oondftion  than  the  arenaceous 
bodies  already  containing  the  oil — a  large  pore  in  the  formation — 
into  which  the  oil  would  filter  as  into  the  sands.  Upon  establishing 
communication  with  the  surface,  they  would  become  merely  a  part 
of  the  bore  which  pierced  them.  Of  the  existence,  however,  of  such 
fissures,  and  encountering  them  in  drilling,  there  is  no  authentic 
evidence  whatever. 
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The  Horizon  of  the  Oil. 

LUhological  Character. — The  distribution  of  the  materials  of  the 
Pierre  and  its  included  oil-bearing  zone,  both  in  lateral  and  vertical 
range,  is  an  important  consideration  in  reference  to  the  source  and 
storage  of  the  contained  oil.  The  formation  is  chiefly  one  of  argil- 
laceous shales,  with  occasional  local  developments  of  sandy  ^rata  of 
various  degrees  of  coarseness.  In  the  Florence  field  the  coarser  va- 
rieties of  sand  are  wanting,  but  there  often  exists  an  extremely  fin^ 
arenaceous  matter  intimately  mixed  with  the  clay.  The  deposition 
of  these  arenaceous  materials  has  been  either  as  a  succession  of  beds 
passing  laterally  by  more  or  less  rapid  gradations  iuto  clays,  or  in 
the  form  of  irregular  lenticular  bcMiies  of  widely  varying  vertical  and 
horizontal  extent  in  the  midst  of  the  argillaceous  layers.  No  regu- 
larity whatever  exists  in  the  position  these  bodies  occupy  in  either 
the  vertical  or  lateral  range  of  the  formation ;  they  may  or  may  not 
have  intercommunication  ;  they  may  be  encountered  at  any  point 
between  base  and  summit  of  the  shales ;  they  frequently  overlap. 

The  distribution  of  the  materials  here  given  for  the  oil-bearing 
zone  of  the  Pierre,  established  both  from  well  records  and  surface 
observations,  is  in  harmony  with  nearly  all  the  facts  of  occurrence 
of  the  oil,  whether  it  is  derived  from  several  horizons  in  a  single 
well  or  from  but  one  point  in  depth,  whether  the  yield  be  great  or 
small  at  the  same  or  different  horizons,  whether  copious  at  one  well, 
and  at  another  within  a  comparatively  short  distance,  the  merest  trace. 
In  all,  the  yield  is  said  to  be  from  the  more  sandy  variety  of  shale. 

Thickness  of  the  Oil- Bearing  Zone, — This  is  not  yet  established. 
There  are  but  few  borings  of  a  greater  depth  than  2000  feet  below 
the  surface.  In  two  or  three  of  these,  small  yields  have  been  en- 
countered, but  the  strata  below  the  horizon  assumed  in  the  sections 
as  the  base  of  the  zone,  are  still  unexplored.  Both  the  base  and  the 
summit  of  the  zone  in  the  sections  have  been  graphically  determined 
in  accordance  with  the  depths  and  locations  of  the  shallowest  and 
deepest  producing  horizons  in  any  of  the  wells  of  the  field.  The 
thickness  thus  developed  is  1947  feet. 

The  position  of  the  zone  thus  defined  in  the  stratigraphical  series 
of  the  Montana  beds  it  is  impossible  to  determine  absolutely,  for, 
although  in  the  Florence  field  the  succession  of  strata  from  the  sum- 
mit of  the  series  down  is  very  probably  normal,  when  the  entire 
area  underlain  by  the  series  throughout  the  West  is  considered,  the 
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thickness  of  the  group  undergoes  the  greatest  variation  from  point  to 
point. 

Extent  of  the  Meld. — It  is  obvious  from  the  foregoing  that  the 
periphery  of  the  productive  portion  of  the  Florence  field  may  lie  but 
a  short  distance  within  the  area  of  outcrop  of  the  oil-bearing  zone  as 
established  in  the  sections.  There  is  no  geological  evidence  against 
such  possilbility ;  there  are  arguments  in  its  favor,  both  from  the 
known  composition  and  distribution  ^of  the  materials  in  the  Pierre 
and  from  the  structure  within  the  region ;  there  is  also  direct  evi- 
dence favoring  the  extension  suggested  in  the  presence  of  oil  in  several 
wells  drilled  at  various  points  considerably  beyond  the  outskirts  of 
the  present  field  of  development.  As  regards  direction,  extension  to 
the  east  will  be  slight  on  account  of  the  proximity  of  the  area  already 
producing  to  the  eastern  rim  of  the  synclinal ;  to  the  west  it  will  be 
limited  by  questions  of  economy  and  depth  to  which  drilling  can  be 
advantageously  carried ;  while  to  the  north  and  south  obstacles  to 
extension  within  the  limits  defined  are  apparently  wholly  absent. 
In  the  extension  of  the  field  to  the  west  and  south,  but  particularly 
in  the  former  direction^  consideration  should  be  given  to  the  character 
of  the  oil-bearing  bodies,  that  is,  that  they  are  masses  of  arenaceous 
materials  inclosed  in  clay.  Dip  will  therefore  have  no  effect  upon 
the  flow  of  the  oil  beyond  the  body  immediately  afibrding  the  yield, 
unless  two  such  bodies  should  be  intercommunicating  through  the 
character  of  their  materials. 

The  Source  of  the  OU. — ^The  lowest  geological  horizon  at  which 
oil  has  been  observed  in  Colorado,  is  near  the  base  of  the  Jurassic 
shales.  Although  the  wells  affording  this  yield  were  sunk  in  the 
gravels  of  the  Oil  creek  bottom,  it  is  the  statement  of  Mr.  Johnson, 
of  the  Florence  Oil  Company,  that  they  were  derived  from  sandy 
beds  in  the  shales  themselves.  The  yield  is  reported  as  having  been 
very  small,  1  barrel  per  well  per  day. 

Asphalt  occurs  in  the  Dakota  in  several  localities  in  the  West. 
There  is  an  artificial  spring  at  the  base  of  the  ridge  near  Turkey 
creek  cafion,  15  miles  southwest  of  Denver.  The  product  may  here 
be  seen  slowly  oozing  from  the  bedding  planes  of  the  sandstones  in 
the  upper  portion  of  the  formation.  For  a  half  mile  along  this  por- 
tion of  the  hogback,  the  sandstones  are  discolored  a  dirty  brownish 
black,  and  when  broken  yield  with  a  greater  or  less  degree  of  flexi- 
bility. In  many  localities  in  Wyoming  the  Dakota  is  pre-eminently 
an  oil  bearing  formation,  though  as  yet  undeveloped. 

The  limestones  and  calcareous  shales  of  the  upper  half  of  the 
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Benton  formation  are  quite  generally  noted  for  the  stroag  odor  of 
petroleum  that  oomes  from  freshly  fractured  faces  or  upon  rubbing 
two  pieces  together.     Slips,  faces,  lamination  planes,  and  the  con- 
tained casts  of  animal  remains,  particularly  sharks'  teeth,  frequently 
have  a  coating  of  a  bright,  oily  lustre.    The  beds  possessing  these 
characteristics  are  much  blacker  than  the  other  portions  of  the  for- 
mation. 

The  Niobrara  only  occasionfilly  yields  the  odor  of  petroleum  in  a 
few  of  its  beds,  chiefly  the  basal  limestones. 

The  Pierre  has  proved  itself,  at  least  for  the  Florence  field,  the 
great  oil-producing  formation.     The  oil  cannot  have  been  derived 
from  the  Jura,  since  the  absorbent  Dakota  sandstones  intervene ;  nor 
from  the  Dakota,  since  a  coarse  and  porous  sandstone  would  not 
yield  any  contained  liquid  to  a  body  of  shales ;  nor  from  the  Benton, 
since  the  lower  limestones  of  the  Niobrara  are  too  non-absorbent. 
It  is,  moreover,  difficult  to  conceive  a  system  of  Assuring  sufficiently 
extensive  to  have  permitted  the  passage  of  oil  from  lower  beds  to  the 
Pierre  over  such  an  areal  extent,  even  upon  the  supposition  of  a  more 
absorbent  composition  of  the  latter  formation,  and  the  fact  that  the 
synclinal  structure  would   have  been  conducive  to  fissuring  from 
l)elow  upward.     The  possibility  of  fissures  both  of  an  extent  suffi- 
cient to  have  established  communication  between  the  formations  below 
and  the  Pierre,  and  within  the  Pierre  itself,  has  already  l)een  con- 
sidered ;  but  in  this  connection  it  may  be  further  remarked  that  As- 
suring of  the  nature  here  suggested  is  beyond  conception,  for  it  could 
not  have  occurred  in  the  Benton  and  overlying  formations^  without 
occurring  in  the  Dakota,  in  which  case  the  great  volume  of  water  of 
the  latter  formation  would  have  followed  the  oil  and,  upon  exhaus- 
tion of  this,  appeared  in  the  wells  as  an  artesian  flow.     Not  only  is 
this  not  the  case,  but  the  majority  of  the  wells  remain  dry  after 
exhaustion,  and  none  shows  a  water  charged  with  salts  peculiar  to 
recognized  Dakota  flows.      Moreover,  the  tendency  of  the  Pierre 
shales,  from  their  argillaceous  composition,  to  close  such  fissures, 
has  also  been  noted. 

It  would  seem  probable,  therefore,  that  both  source  and  reservoir 
of  the  oil  lie  within  the  Pierre  formation  itself, — ^a  condition  of 
affairs  quite  natural,  since,  on  the  one  hand,  shales  are  in  many  re- 
gions the  recognized  place  of  origin  of  oil,  and,  on  the  other  hand, 
the  distribution  of  the  materials  of  the  Pierre  wt)uld  permit  the  aocu- 
mulation  of  the  entire  product  of  the  formation  in  the  more  open, 
porous,  sandy  bo<lies  inclosed  within  the  argillaceous  portions. 
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From  the  foregoing  discussion  it  will  be  seen  that  no  inferences 
can  be  drawn  from  the  geolop:y  and  well-data  of  the  Florence  field 
as  to  the  existence  of  oil-bearing  strata  in  other  portions  of  the  Rocky 
Mountain  region  and  the  adjacent  prairies,  even  where  underlain  by 
beds  of  the  same  formation.  That  the  Pierre  carries  oil  in  one 
locality  has  hardly  the  same  force  as  an  argument  for  its  presence  in 
another,  &s  has  the  occurrence  of  workable  cx>al  in  the  Dakota  for- 
mation, within  a  certain  region,  for  its  reappearance  in  another.  In 
either  case  it  is  merely  a  recognized  possibility  that  ought  to  be  con- 
sidered. 

The  Wells. 

On  account  of  the  relations  which  the  companies  of  the  Florence 
oil-field  hold  to  each  other  in  extent  of  development,  in  capital 
invested,  and  in  business  competition,  a  detailed  discussion  of  the 
wells  cannot  be  presented  in  this  paper,  but  the  general  deductions 
given  are  based  upon  a  most  careful  scrutiny  of  the  individual 
records  of  almost  the  entire  number  of  wells — a  scrutiny  rendered 
possible  only  through  the  great  courtesy  of  the  several  company 
managers. 

Range  of  Flows  in  Stratigraphical  Horizon. — Within  a  distance  of 
1155  feet  beneath  the  summit  of  the  oil-bearing  zone,  as  provisionally 
established,  no  persistent  sucxiession  of  unproductive  measures  exists 
of  a  thickness  greater  than  100  feet.  Midway  between  the  depths  of 
1155  feet  and  1947  feet, — the  latter  being  the  horizon  of  the  lowest 
present  yield  and  the  arbitrary  base  of  the  oil  zone, — there  are  three 
more  productive  layers  within  a  distance  of  100  feet  of  one  another, 
separated  from  those  above  and  the  one  below  by  approximately  350 
feet  of  beds  in  which  no  flows  have  yet  l>een  struck.  To  obtain  this 
close  succession  of  productive  strata  it  is  necessary  to  consider  the 
field  in  its  entirety.  Within  the  area  of  a  particular  group  of  wells 
the  intervals  barren  of  oil  are  often  increased  to  from  200  feet  to  400 
feet,  while  in  single  wells  they  may  become  as  great  as  900  feet. 

In  the  examination  and  tabulation  of  the  well-records  of  the 
Florence  field,  two  points  of  interest  in  connection  with  the  flows 
were  developed :  the  first^  that  for  the  field  in  general  there  are 
certain  horizons  in  proximity  to  which  oil  has  been  found  more  fre- 
quently than  in  other  parts  of  the  vertical  scale;  the  sepond,  that 
wells  yielding  petroleum  from  depths  of  400  feet  or  500  feet  below  the 
summit  of  the  oil-bearing  zone,  occur  to  the  west  of  wells  in  which 
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no  flows  are  encountered  at  these  depths  and  that,  too,  notwith- 
standing the  continuation  of  their  productive  horizons  considerably 
beyond  the  easternmost  wells  before  their  dip  brings  them  to  the 
surface.  In  explanation  of  the  latter  poiut,  it  is  possible  that  the 
requisite  sedimentary  conditions  for  an  oil-bearing  rock  do  not 
exist  over  this  portion  of  the  field,  but  from  an  inspection  of  the 
sections  and  from  the  fact  that  oil  is  rarely  found  at  a  depth  less 
than  800  feet  or  900  feet  beneath  the  surface,  it  would  seem  that 
some  other  cause,  such  as  evaporation,  may  have  had  an  influence 
toward  this  result. 

The  vertical  succession  of  oil-bearing  strata  in  individual  wells 
suggests  another  argument  in  favor  of  the  origin  of  oil  within  the 
Pierre  formation  itself:  in  the  event  of  its  having  been  derived  from 
a  lower  formation,  it  would  have  been  largely  taken  up  by  the  lower 
bodies  of  sands;  the  yields  pf  the  several  horizons  of  a  single  well, 
however,  afford  no  evidence  of  this  condition,  large  flows  occur- 
ring with  equal  frequency  from  either  upper  or  lower  oil-bearing 
bodies  or  from  both. 

Relations  between  Wells. — No  connection  exists  for  the  field  in 
general  between  flows  of  the  same  horizon.  Only  within  the  nar- 
rower group  limits  have  they  been  recognized,  and  here,  between 
wells  in  close  proximity  to  one  another.  But  a  single  instance  is 
known  of  an  extent  of  influence  greater  than  100  feet  or  200  feet, 
when  a  newly  drilled  well  caused  a  marked  and  rapid  decrease  in  the 
yield  of  another  from  the  same  horizon  1000  feet  to  the  north-east, 
the  dip  being  west.  On  the  contrary,  wells  have  been  sunk  withiu 
25  feet  of  another,  without  meeting  a  trace  of  oil  at  the  horizon  which 
in  that  first  drilled  afforded  an  excellent  yield.  In  explanation  of 
instances  of  this  nature  it  is  to  be  remarked  that  besides  the  nor- 
mal rapid  changes  in  texture  and  composition  of  the  oil  *^  sands," 
such  bodies,  themselves  containing  considerable  clay  and  surrounded 
by  argillaceous  shales,  may,  in  the  course  of  compression  and  flexing 
which  they  have  here  and  there  undergone  in  earlier  times,  have 
been  rendered  locally  more  compact  in  texture  or  have  become  sud- 
denly and  confusedly  blended  with  the  mass  of  shales,  thus  present- 
ing irregularities  in  arrangement  of  materials,  all  with  influence  upon 
the  flow  of  the  oil  that  may  be  contained  within  the  limits  of  dis- 
turbance. Instances  of  this  nature  might  also  be  accounted  for  by 
fissures,  provided  that  direct  evidence  of  their  existence  was  found 
at  the  time  of  drilling. 
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Percentage  of  Sticcesaful  WeUa, — Within  the  area  of  the  oij-bear- 
ing  zone  of  the  Pierre  formation,  there  are  accounted  for  as  having 
been  drilled  up  to  November  1,  1890,  82  productive  and  unproduc- 
tive wells.  Of  these,  16  per  cent,  have  shown  no  trace  of  oil,  and 
19^  per  cent,  have  shown  traces  less  than  an  appreciable  flow  in 
from  1  to  6  horizons  in  a  single  well,  or,  in  all,  35^  per  cent,  unpro- 
ductive wells.  If  to  this  be  added  7  per  cent. — the  proportion  of 
wells  yielding  leas  than  6  barrels  and  consequently  below  the  present 
standard  of  economic  pumping — the  total  percentage  of  unproduc- 
tive wells  will  be  raised  to  42^,  leaving  57^  as  the  percentage  of 
successful  wells. 

Tlie  Yield. — When  oil  is  struck  in  the  Florence  field,  nearly  all 
the  productive  wells  show  an  abnormal  rise,  due  to  expansion 
of  the  gas  contained  in  the  oil ;  the  oil  ascends  in  the  well  from 
50  to  1000  feet,  but  upon  being  pumped  settles  within  a  few  days 
to  a  level  a  little  above  that  of  the  flow — ^a  level  which  is  main- 
tained until  the  well  clogs  or  exhaustion  begins  to  assert  itself. 
The  original  yield  of  the  wells,  upon  attaining  the  normal  level,  h&s 
ranged  from  6  to  1 50  barrels  per  day  ;  several  flows  have  yielded 
between  75  and  150  barrels,  and  a  large  number  from  25  to  75  bar- 
rels. After  a  longer  or  shorter  time  a  gradual  and  uniform  decrease 
in  production  sets  in,  which,  however,  may  extend  over  a  period  of 
several  years  before  exhaustion  is  carried  to  the  limit  of  economic 
pumping.  Of  the  smaller  wells,  many  may  be  temporarily  ex- 
hausted by  forced  pumping,  but  after  the  lapse  of  a  short  interval 
of  rest  completely  regain  their  former  yield.  Among  the  wells  there 
are  some  that  have  maintained  a  constant  flow  during  their  entire 
existence  to  date — several  years — while  in  a  few  instances  actual 
increase  to  two  or  three  times  the  original  yield  has  occured.  When- 
ever a  yield  has  diminished  through  clogging  of  the  well  by  accumu- 
lation of  extraneous  material,  cleaning  rarely  fails  to  restore  it  to  its 
normal  amount. 

The  areal  distribution  of  the  oil,  as  evidenced  by  the  yield  of 
widely  separated  wells,  is  exceedingly  uniform  for  the  portion  of  the 
field  thus  far  developed,  both  large  and  small  flows  being  alike 
encountered  in  each  of  the  various  well-groups. 

The  use  of  torpedoes  has  been  tried  in  the  Florence  field  in  three 
instances,  without  success.  Caving  of  the  walls  has  resulted  in  each 
case,  while  within  the  range  of  action  of  the  torpedo  it  is  believed 
that  on  account  of  the  clayey  nature  of  the  strata  there  has  resulted 
a  packing  of  materials,  the  reverse  of  the  desired  effect. 
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The  life  of  the  wells  of  the  Florence  field  is  very  variable:  there 
are  some  of  an  age  of  over  four  years  which  are  still  good  producers ; 
many,  over  two,  to  date,  among  which  are  several  of  the  largest ; 
while  of  those  whose  duration  has  been  less  than  a  year  there  are 
comparatively  few.  The  well  of  shortest  life  was  one  of  six  days  of 
a  total  yield  of  37  barrels.  Examination  of  well-records  fails  to 
disclose  any  relationship  between  the  life  and  the  size  of  the  flow. 

Gas. — In  the  Florence  field  gas  occurs  chiefly  in  association  with 
the  oil,  although  small  amounts  have  been  encountered  in  the  shales 
at  horizons  where  no  trace  of  oil  was  found.  Aasociated  with  the 
oil,  its  quantity  and  rate  of  delivery  is  very  variable.  In  some  wells 
it  is  quickly  exhausted  while  in  others  it  remains  persistent  with  a 
fair  flow.  There  are  instances  in  which  it  has  manifested  tremen- 
dous force  upon  being  struck,  carrying  the  oil  beyond  the  derrick 
to[>s  and  for  a  while  rendering  difficult  its  control,  afterwanls  quickly 
diminishing  to  an  inappreciable  amount.  In  other  instances,  after 
the  first  rush  of  gas,  its  flow  has  been  maintained  at  a  constant  pres- 
sure and  delivery  during  the  entire  life  of  the  well.  Neither  pres- 
sure nor  flow  have  ever  been  measured,  but  they  are  slight  in  com- 
parison with  the  eastern  fields.  The  gas  has  been  utilized  only  in 
lighting  the  immediate  vicinity  of  the  wells. 

Water. — This  is  met  with  in  a  few  wells  but  it  is  an  uncertain 
element.  Its  quantity  is  always  small.  Except  in  two  instances  it 
is  fresh  and  has  been  found  within  350  feet  of  the  surface.  The 
exceptions  are  salt,  and  were  found  in  connection  with  the  oil  at  a 
considerable  depth.  None  of  the  water  is  artesian.  No  relation 
exists  between  the  water  and  oil  in  the  Florence  field  in  the  lines  usu- 
ally attributed  to  them  in  eastern  wells.  Indeed,  many  of  the  wells 
are  not  only  without  any  trace  of  water  from  the  surface  down  but 
remain  dry  after  exhaustion  of  the  oil.  There  is  nowhere  any  evi- 
dence of  a  water- pressure  back  of  the  oil. 
. 

The  Oil. 

Character,  Production,  Treatment,  Prpditcts. — The  crude  product 
of  the  Florence  field  is  of  a  light  yellowish -green  color,  varies  but 
slightly  from  an  average  gravity  of  31°  B.,  and  is  remarkably  free 
from  sand  and  other  impurities,  which  in  a  month's  constant  run 
amount  to  but  about  a  gallon  per  still. 

The  present  production  of  the  field  is  about  2000  barrels  per 
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day,  yielding  upon  distillation  approximately  one-third  refined 
or  illuminating-oil,  a  small  amount  only  of  lubricating-oil,  and  a 
residuum,  which  is  stored.  The  production,  however,  is.  varied 
according  to  the  demand  for  oil.  The  capacity  of  the  field  is  con- 
siderably above  2000  barrels  daily.  For  the  twelve  months  to 
October  1,  1891,  the  total  product  amounted  to  about  300,000 
barrels  of  crude  oil,  from  which  was  manufactured  about  100,000 
barrels  of  illuminating  oil  and  5000  barrels  of  lubricating  oil. 

The  treatment  of  the  crude  oil  as  practiced  by  the  United  Oil 
Company,  in  the  process  of  distillation,  is  the  same  as  ordinarily  em- 
ployed elsewhere.  It  passes  from  the  wells  to  storage-tanks,  and 
thence  to  the  stills  in  charges  of  400  barrels  for  the  larger  and  100 
barrels  for  the  smaller.  The  run  of  the  former  is  of  36  hours'  dura- 
tion, of  the  latter  20  hours.  The  yield  from  these  is  40  per  cent* 
illuminating-oil,  the  gravity  of  the  distillate  being  44J°  B.,  of  the 
residuum,  22°  B.  From  the  stills  the  cooled  distillate  passes  to  the 
distillate  storage -tanks  and  thence  to  the  agitators,  where  it  is  sub- 
jected to  chemical  treatment  consisting  of  agitation  with  sulphuric 
acid  (66°  B.),  and  subsequent  washing  with  a  solution  of  caustic 
soda  and  water.  Upon  completion  of  the  agitation  it  is  run  to  the 
bleachers,  settled,  and  from  there  distributed  to  the  warehouse  for 
packing  or  to  the  tank  cars  direct.  The  percentage  of  naphtha  is 
insignificant.     The  burning-point  is  130°  F. 

The  lubricating  oil  is  derived  from  the  residuum  by  passing  the 
latter  through  a  retort  which  removes  the  paraffine  and  raises  the 
fire-test.  This  "  stock  "  is  compounded  with  neutral  oil  from  the 
stills,  which  results  in  a  product  having  a  cold-test  from  0°  to  30° 
F.,  a  flash-test  of  350°  F.  and  a  gravity  from  24°  to  28°  B.  The 
residuum  chills  at  60°  F. 

The  quality  of  both  illuminating  and  lubricating  oils  derived 
from  Florence  crude  petroleum  is  said  to  be  excellent;  but  for  the 
latter  product  there  is  at  present  but  slight  demand,  owing  to  eastern 
competition  and  freight-rates. 

The  residuum  from  the  manufacture  of  the  above  two  classes  of 
oil  is  stored  in  open  reservoirs  about  the  field,  except  such  portion  of 
it  as  is  required  beneath  the  stills  and  boilers  of  the  refineries  and 
wells.  In  this  use  of  it  from  1200  to  1300  pounds  (three  to  four 
barrels),  are  estimated  to  be  equivalent  in  effect  to  2000  pounds  of 
coal,  worth  from  $1.43  to  $2  per  ton  at  the  mines.  It  is  thrown  into 
the  fire-boxes  in  jets  with  the  aid  of  super-heated  steam,  and  not 
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only  affords  a  fire  capable  of  instant  regulation,  but  is  of  great 
economy  in  the  saving  of  labor. 

The.  tanks  for  storage  of  the  various  products  of  the  Florence 
field  range  in  size  from  5000  to  35,000  barrels. 

■ 

Discussion. 

In  reply  to  the  question,  whether  his  investigations  in  the  Flor- 
ence field  had  given  any  evidence  concerning  the  origin  of  the 
petroleum,  as  animal  or  vegetable,  Mr.  Eldridge  said : 

I  omitted  that  topic  from  my  paper,  because  I  could  throw  no 
light  upon  it.  The  oil  has  not  a  strong  odor.  The  formation  con- 
tains animal  remains  in  abundance,  and  through  the  fossiliferous 
lime-concretions  there  are  many  minute  traces  of  plant-life,  such  as 
stems  or  particles  of  bark.  As  seems  to  be  the  case  in  most  oil- 
l)earing  formations,  nearly  all  evidence  of  life,  except  of  animal 
life,  has  disappeared.  The  formation  contains  no  coal  in  this  local- 
ity, but  coal  is  found  in  it  at  several  localities  in  the  West. 

F.  H.  Newell,  Washington,  D.  C:  Mr.  Eldridge's  paper  throws 
some  light  on  the  subject  of  prospecting  for  oil.  In  the  western 
fields  we  have  had  a  curious  succession  of  discoveries  of  oil.  In 
Pennsylvania,  West  Virginia,  and  Ohio  various  theories  have  been 
projected  or  deduced,  confining  the  occurrence  of  oil  to  certain  con- 
ditions of  structure,  texture,  position,  etc. ;  but,  on  the  other  hand, 
the  oil-operator  himself,  who  backs  up  his  opinion  with  his  money, 
has  treated  with  disregard,  and  even  with  contempt,  all  such  studied 
generalizations,  and  has  drilled  his  wells  anywhere  that  fancy  dic- 
tated. The  result  has  been  that  he  has  spent  immense  sums,  but  he 
has  discovered  oil  where  the  best  experience  would  not  have  led 
those  who  knew  most  about  it  to  advise  him  to  drill.  In  the  Flor- 
ence field  we  see  the  same  thing.  Here  is  a  formation,  the  structure 
of  which  is  quite  the  reverse  of  anything  we  had  previously  recog- 
nized as  favorable,  and  near  the  upper  limit  of  which,  strange  to  say, 
oil  has  been  found,  nevertheless.  Without  discrediting  the  general 
conclusions  which  very  able  experts  may  have  drawn,  this  case  shows 
that  in  trying  to  anticipate  the  discovery  of  oil  we  are  still  com- 
pletely at  a  loss.  The  *' oil-man,*'  with  his  persistence  in  drilling 
where  he  ought  not  to  drill,  has  often  brought  valuable  resources  to 

jight. 
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TEE  BENBIQO  0 OLD-FIELD. 

BY  T.   A.    RICKARD,   ALLEMONT,   I8i:RE,   FRANCE. 

(Glen  Summit  Meetlug,  October,  1891.) 

Among  the  names  which  won  a  world-wide  fame  during  the 
golden  age  of  the  early  fifties,  Bendigo  and  Ballarat  were  to  Aus- 
tralia, what  the  Yuba  and  Grass  Valley  were  to  California.  The 
map  of  Victoria  did  not  for  a  long  time  show  the  name  of  old  Ben- 
digo;* for  this  first  and  more  distinctive  name  was  replaced  with 
the  more  English  Sandhurst,  just  as  thealluyial  diggings  gave  place 
to  quartz  mining.  Towards  the  close  of  last  year,  steps  were  taken 
to  give  back  the  old  name,  as  associated  with  the  early  days  of  rich 
alluvium,  and  more  suggestive  than  the  application  taken  second- 
hand from  an  English  military  academy. 

History. 

The  first  discovery  of  goldf  in  this  district,  was  made  in  the 
autumn  of  1851 ;  but  there  has  never  been  any  certainty  as  to  the 
day  or  the  man.  At  that  time  the  country  around  Bendigo  Creek  was 
a  part  of  the  Ravenswood  sheep-run,  and  its  resemblance  to  the 
Forest  Creek  district  (now  Castlemaine),  induced  the  first  prospect- 
ing. It  was  late  in  November  when  the  "rush^'  broke  out;  the 
shepherds  left  their  flocks;  the  .sylvan  solitudes  were  disturbed  by 

*  The  name  of  Bendigo  is  said  to  have  been  derived  from  a  hut-keeper  on  the 
Bavenswood  sheep-run,  who  on  account  of  his  fondness  fur  '*  fisticuffs  "  was  nick- 
named Bendigo,  after  the  prize-fighter  of  that  name.  It  is  not  aboriginal,  as  is 
often  supposed,  but  Spanish  ;  and  equivalent  to  our  Benedict.  There  must  always 
be  some  confusion  between  the  two  names  of  Sandhurst  and  Bendigo;  the  town,  and 
with  it  the  gold-field,  having  been  three  times  named.  Several  other  old  familiar 
names  have  been  likewise  unfortunately  replaced  by  second-hand  English  ones;  so 
that  an  old  digger  talks  of  Forest  Creek  when  he  means  the  modern  Castlemaine, 
Mt.  Ida  for  Heathcote,  Growler's  Creek  for  Bright,  etc.  I  shall  use  the  names 
Sandhurst  and  Bendigo  interchangeably. 

t  The  first  discovery  of  gold  in  Australia,  was  made  by  E.  H.  Hargraves,  February 
12,  1851|  near  Bathurst  in  New  South  Wales.  In  August  of  the  same  year  the  dis- 
covery at  Buninyong,  near  Ballarat,  inaugurated  the  first  of  a  series  of  rushes  to 
the  Victoria  gold-fields. 
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the  voices  of  the  first  "  diggers ;''  the  green  glades  of  Bendigo  Creek 
were  ruthlessly  uptorn  by  pick  and  spade ;  and  the  busy  energetic 
life  of  a  young  and  thriving  milling  camp  replaced  the  sleepy  idle 
routine  of  an  out-of-the-way  sheep-station. 

Since  that  date  the  gold-field  has  yielded  over  fifteen. million 
ounces  of  the  precious  metal,  valued  at  more  than  sixty  millions 
sterling.  Like  most  mining  districts,  it  has  pa&sed  through  days  of 
severe  depression  and  extreme  inflation.  Until  1854  the  alluvium 
only  was  worked.  The  pan  and  the  cradle  early  gave  way  to  the 
puddling-tub,  a  machine  more  suited  to  the  clayey  character  of  the 
wash.  By  reason  of  the  limited  supply  of  water,  the  long  tom  was 
never  very  widely  used.  The  highest  output  on  record  was  reached 
in  1853,  when  661,729  ounces,  valued  at  £2,646,800,  were  obtained 
from  the  alluvium  only.  Long  before  the  diggers  were  aware  of  the 
real  value  of  gold-quartz,  they  used  to  amuse  themselves  by  break- 
ing oflT  specimens  from  the  outcrops  for  decorative  purposes.*  Dia- 
mond Hill  owes  its  name  to  the  beautiful  specimens  which  its  surface 
yielded  in  the  early  days.  Vein-mining  or  "quartz-reefing''  had 
its  inception  with  the  discoveries  made  by  Ballestedt  on  Victoria 
Hill,  which  has  now  been  pierced  for  a  depth  of  over  half  a  mile, 
and  is  honeycombed  with  deep  workings.  From  1854  to  1862,  the 
quartz-mining  industry  had  a  chequered  career;  as  will  be  readily 
understood  when  the  peculiar  character  of  the  ore-deposits  has  been 
passed  in  review.  In  1859  the  first  regular  registration  of  aquartz- 
minet  took  place.  About  this  period  the  shallow  alluvial  deposits 
became  exhausted  and,  in  the  absence  of  deeper  channels,  the  whole 
energy  of  a  very  enterprising  community  was  concentrated  upon  the 
exploitation  of  the  quartz-lodes.  In  1862  the  first  limited-liability 
company  was  brought  out;  and  in  the  immediately  succeeding  years 
the  steady  development  of  the  field  and  the  increasing  knowledge  of 
the  lode-structure  were  accompanied  by  an  increasing  gold-output, 
which  rose  in  1870  to  241,380  ounces.  The  formation  of  numerous 
companies  which  marked  the  early  seventies,  introduced  fresh  capi- 
tal into  the  district,  and  thus  led  to  great  increase  in  the  work  done 
in  the  mines,  the  output  from  which  averaged  at  this  time  over 
300,000  ounces  per  annum.     But  company-promotion  soon  devel- 


*  So  ignorant,  it  is  reported,  were  the  pioneers  of  gold-mining  in  those  dajH,  that 
many  immigrants  went  to  the  rushes  or  mining  stampedes  with  the  idea  that  "  gold 
in  quartz"  meant  gold  in  quarts  or  pailfulsl 

t  This  WHS  the  Johnson's  gold-mine,  which  is  still  a  rich  producer,  having 
headed  the  dividend  list  for  1890  with  ^80,800. 
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oped  inlo  a  mania  which  rapidlj  did  its  evil  wo'k.  Paper  mining 
replaced  honeet  work^as  it  has  done  in  many  anolher  mining  district 
before  and  since.  A  reaction  set  in  ;  the  gold-ReM  saw  its  darkest 
days;  and  a  collapse  took  place  which  ended  the  wild  speculation  in 
bogus  companies  and  marked  the  commencement  of  a  new  era  of 
steady  progress.     The  opening  up  of  deeper  ground  and  a  renewal  of 

Fig.  I. 
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rich  discoveries,  brought  about  a  revival  in  the  first  years  of  the  last 
decade,  which,  accompanied  as  it  has  been  by  great  enterprise,  and 
the  Intelligent  development  of  the  mines  with  a  more  accurate 
knowledge  of  their  ore-depottits,  has  enabled  the  Bendigo  gold- 
field  to  hold  the  first  place  among  the  quarlz-mining  districts  of 
Australasia,  and  to  make  its  record  unique  in  the  statistics  of  this 
industry. 
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To  the  members  of  the  Institute,  probably  few  miDing  districts  are 
less  known,  considering  their  importance,  than  those  of  the  colony 
of  Victoria.  The  steamship,  the  railway,  and  the  tel^raph,  have 
linked  together  the  most  distant  mining  centers,  Broken  Hili  and 
Virginia  City,  Johannesburg  and  Grass  Valley;  but  the  older  gold- 
fields  of  Australia  have  received  but  a  superficial  and  passing  notice 
from  the  pens  of  standard  writers.  More  particularly  is  this  true  of 
Sandhurst  or  Bendigo,'''  which  shares  with  Ballarat  the  first  rank 
among  the  Australian  localities  of  quartz-mining.  This  mining 
center  and  its  peculiar  ore-deposits  it  is  my  purpose  to  describe, 
from  the  notes  of  a  recent  examination.  The  time — three  monthsf — 
was  insufficient  to  enable  me  to  give  to  the  field  the  extended  study 
which  it  invited ;  and  I  would  leave  the  subject  to  better  hands,  did 
I  not  believe  that  the  objects  of  our  Institute  are  best  carried  out, 
when  its  members  place  on  record  the  different  facts  observed  in 
different  countries,  in  order  that  a  mass  of  observations  may  ulti- 
mately be  accumulated,  which  those  best  qualified  may  combine  and 
discuss. 

General  Description. 

At  the  outset  a  general  description  of  the  appearance  of  the  gold- 
field  may  be  of  interest.  A  very  good  view  can  be  obtained  from 
the  upper  platform  of  the  Old  Chum  poppet-heads,J  on  Victoria 
hill.  The  air  is  usually  clear,  and  from  this  point  of  vantage  one 
can  see  a  long  way.  The  district  lies  among  a  series  of  undulations 
which  rise  above  the  tame  level  of  the  surrounding  plains.  The 
even  line  of  the  latter  is  further  broken  by  several  hills,  marking  the 
granite  bosses  which  penetrate  the  overlying  slates  and  sandstones. 
To  the  north,  poppet-heads  and  tall  red  brick  chimneys  in  long  suc- 
cession indicate  the  various  great  lodes  or  "  lines  of  reef,"§  stretching 
out  to  Eaglehawk,  four  miles  away,  while  out  in  the  distance  be- 

*  Only  the  more  recenl  works  on  gold-deposits  contain  any  references,  and  these 
are  almost  invariably  inaccurate  and  misleading  in  their  descriptions  of  the  mode 
of  occurrence  of  the  quartz.  Lock^s  Gold  which  is,  generally  speaking,  a  very 
complete  compilation  on  the  subject,  contains  only  one  reference  to  Sandhurst, 
comprised  within  a  paragraph  of  a  dozen  lines. 

t  April,  September,  and  part  of  October,  1890,  also  a  part  of  February,  1891. 

t  "  Poppet-heads"  is  the  English  and  colonial  equivalent  for  the  Western  "gal- 
las  ''  or  gallow's  frame.  "  Sheer-legs  "  and  "  heapsteads  "  are  the  names  used  in  the 
north  of  England. 

2  A  **  line  of  reef"  is  a  reef  or  lode  taken  as  a  whole.  The  mines  of  Amador, 
Calaveras,  and  Tuolumne  counties  would  be  said  to  be  on  "  the  same  line  of  reef," 
viz.,  **  the  Mother-lode  "  of  California. 
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yond  is  the  dark  blue  sea  of  the  trackless  bush,*  broken  in  front  by 
the  hills  at  Kerang  and  to  the  right  by  the  promontory  of  the  White 
hills^f  a  name  fitmiliar  to  every  Australian  digger.  White  hills 
they  are  no  longer^  for  the  "cement"  which  covered  the  rich  allu- 
vium has  become  oxidized^  and  patches  of  red  gravel-heaps  have 
replaced  what  was  once  glistening  white.  Between  these  and  the 
spectator  lies  the  modern  city  of  Sandhurst,  its  well  laid  out  streets 
lined  with  the  English  trees  which  have  replaced  the  gums  that 
once  covered  the  site.  A  wavering,  blue,  irregular  line  marks  Ben- 
digo  creek,  once  flowing  through  the  forest  glades,  but  now  mean- 
dering past  tailing-heaps  and  back  yards.     Out  beyond  the  town  we 


Fig.  2. 
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can  dimly  see  Mt.  Ida,  where  Heathcot^lies.  Southward  the  suc- 
cession of  poppet-heads  marks  the  auriferous  belt.  The  engine- 
houses  of  the  South  Bellevue  and  Eureka  Extended  mines  indicate 
the  New  Chum  reef,  on  which  there  is  operated  to-day  perhaps  the 
greatest  series  of  deep  gold-quartz  mines  which  the  world  has  yet 
seen.  A  new  church  rises  above  Golden  Square,  the  scene  of  some 
of  the  first  and  richest  of  the  alluvial  diggings.  The  view  is  further 
diversified  by  gray  heaps  of  tailings,  bluish  piles  of  waste  rock,  gar- 

*  The  forest  of  EuealypltLSf  which  at  one  lime  covered  the  whole  of  the  habitable 
portion  of  the  Australian  continent. 

t  The  White  Hills  of  Bendigo  and  the  Black  Hill  at  Ballarat  are  in  the  history 
of  Aostralian  gold  discovery  what  Mokelumne  Hill  in  old  Calaveras,  and  Table 
Mountain  in  Tuolumne  w^re  to  California,  or  what  Ruby  Hill  at  Eureka,  and  Mt. 
Davidson  at  thfi  Comstock  were  to  Nevada. 


468  THE   BENDIGO  GOLD-FIELD. 

dens  and  houses,  amoBg  which  is  seen  the  sinuous  curve  of  the  rail- 
way along  which  the  Melbourne  express  is  now  coming.  Further 
south,  in  the  distance,  are  the  granitic  slopes  of  Mt.  Alexander,  be- 
yond which  lies  Castleraaine.  To  the  west,  clouds  of  sulphurous 
smoke  indicate  the  various  pyriles-works,  and  a  black  line  against 
the  blue  sky  marks  the  water  supply  flume,  while  immediately  be- 
low us  are  the  gardens  and  house  of  one  of  the  mine-owners,^  an  oasis 
of  pleasant  green  among  the  stern  practical  surroundings  of  mines 
and  millSk 

Sandhurst  or  Bendigo  has  a  population  of  over  30,000  inhabitants, 
several  fine  public  buildings,  and-  some  very  beautiful  public  gar- 
dens. It  is  connected  with  Melbourne,  the  chief  port  and  metropo- 
lis of  Victoria,  by  a  double-track  railway  101  miles  long,  constructed 
at  a  cost  of  £18,000  per  mile. 

STATI8TIC38  OP   PRODUCTION. 

A  few  figures,  taken  from  the  annual  report  of  the  Secretary  for 
Mines,  will  indicate  the  size  and  importance  of  the  Bendigo  gold- 
field.  During  the  past  two  years  the  gold-production  of  the  three 
leading  Australian  colonies  has  been  as  follows : 

Ounces. 

Victoria,  1889,      .        .  614,838 

1890,      .        .  58&,660 

New  South  Walef*,  1889>  119,758 

"  1890,  127,460 

Queensland,  1889,         .  737,822 

"  1890,         .  600,000 

The  year  1889  was  tbe^first  in  which  Victoria  did^  not  lead  the 
colonies,  being  surpassed  by  Queensland  through  the  Mt.  Morgan 
mine,  whose  output  alone  was  over  300,000  ounces.  The  marked 
decrease- in  the  yield  of  Queensland  for  1890  is  similarly  due  to  a 
decline  in  the  output  from  Mt.  Morgan.  In  like  manner,  the 
Queensland  average  of  £288  per  miner,  in  1889,  is  explained  by  the 
fact  that  the  most  of  the  value  of  the  product  of  Mt.  Morgan  in  that 
year  found  its  way  into  the  pockets  of  half  a  dozen  men. 

The  yield  of  588,560  ounces  (1890)  is  the  lowest  on  record  in  the 
history  of  gold-mining  in  Victoria.  There  has  been  a  gradual  de- 
crease during  the  past  decade,  mainly  due  to  the  exhaustion  of  the 
more  readily  accessible  alluvial  deposits. 

. . .    '  ■  '  ' : 

*  Fortuna  Villa,  the  residence  of  Mr.  George  Laneell. 


No.  of 

Average  per 

Value. 

miners. 

miner. 

£. 

£.        «.     d. 

2,459,352 

24,323 

101       2    2 

2,354,240 

23,833 

98    15    7 

434,070 

10,192 

42    11    9 

459,086 

12,182 

37    13    8 

2,582,377 

8,955 

288      7    5 

2,100,000 
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From  1851  to  the  end  of  1890  the  yield  of  gold  from  Victoria 
amounted  to  66,870,574  ounces,  valued  at  £227,482,296,  an  average 
per  year  of  1,452,761  ounces,  the  highest  for  any  single  year  being 
3,053,744  ounces,  in  1866.  Of  this  total,  fiendigo  has  contributed 
11,168,414  ounces,  valued  at  £44,673,656.  In  addition,  it  is  esti- 
mated that  the  gold  taken  away  privately  to  Melbourne  and  the 
neighboring  colonies,  and  not  included  in  the  government  returns 
for  the  district,  will  amount  to  4,000,000  ounces,  which  would  give 
a  rodnd  total  of  over  15,000,000  ounces,  valued  at  over  £60,000,000 
sterling. 

Victoria  is  divided  into  seven   mining  districts,   of  which  the 
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most  important  are  Ballarat  and  Bendigo,  the  former  being  the  chief 
alluvial  center,  while  the  latter  leads  the  quartz-mining  districts. 
The  total  area  of  the  Victoria  gold-fields,  86,760  square  miles,  is 
worked  and  prospected  by  a  force  of  23,833  miners ;  and  the  propor- 
tion belonging  to  the  two  principal  gold-fields  is  as  follows : 

Area  in 
^q.  miles.        Minen. 

Bendigo, 5,870  4,420 

Ballarat, 5,180  6,249 

While  the  mining  operations  in  the  Ballarat  district  are  distributed 
over  an  actual  area  of  40  square  miles,  and  the  boundaries  include 
such  important  centers  as  Clunes  and  Creswick,  those  of  the  Ben- 
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digo  district  are  practically  concentrated  upon  an  area  of  21  square 
miles  within  the  adjacent  townships  of  Eaglehawk  and  Sandhurst. 
During  the  past  2  years  the  yield  of  gold  has  been : 

Alluvial.  Quartz.  Total. 

Oz.     dwts.  gn.         Oz.     dwto.  grs.  '   Oz.      dwts.  grs. 

Bendigo,  1889,      6,973    12    10  134,547      8    21  141,521      1      7 

"         1890,     3,293      3    18  134,671    10    11  137,964    14      5 

Ballarat,  1889,    98,342      6    13  117,321     18      0  215,664      4.   13 

"         1890,    92,836      2    10  117,597      0      8  210,433      2    18 

It  is  seen  that,  while  Ballarat  is  the  leading  alluvial  district,  it 
produces  also  a  large  proportion  of  gold  from  quartz, "*"  while  at  Ben- 
digo, on  the  other  hand,  the  alluvium  is  relatively  unimportant.  The 
figures  just  given  bear  out  the  statement  of  the  Secretary  for  Mines 
that  the  diminuticm  of  the  gold-yield  is  chiefly  in  that  from  the  allu- 
vial mines.  In  both  the  leading  centers  the  yield  from  quartz  has 
slightly  increased,  while  that  from  alluvium  has  considerably  dimin- 
ished. The  average  yield  of  the  quartz  per  ton  of  ore  crushed,  dur- 
ing the  past  year,  was  as  follows : 

dwts.  grs. 
Victoria  (average  of  the  seven  districts),         .        .        .        .94 

Bendigo, 9      5 

Ballarat, 7    21 

The  average  yield  from  pyrites  and  blanketings  was : 


Total  treated. 

Total  yield. 

Average. 

Tons,    cwt 

Oz.     dwts.  grs. 

Oz.  dwts.  grs. 

Bendigo, 

.    1.766     10 

3,901     16     12 

2       4       4 

Ballarat, 

.    2,148      0 

5,196     19      7 

2      8      9 

The  highest  and  lowest  prices  paid  for  the  gold  per  oz.  were,  at 
Bendigo,  £3  17^.  and  £3  19^.,  atld  at  Ballarat,  £3  17«.  6d,  and  £4  Ss. 

While  in  the  colony  as  a  whole  the  number  of  miners  is  pretty 
equally  distributed  between  alluvial  and  quartz  mines — 11,470  in 
the  former  to  12,363  in  the  latter — there  is,  in  the  two  leading  dis- 
tricts, a  greater  disproportion ;  Bendigo  having  949  alluvial  and 
3375  quartz>miners,  while  Ballarat  has  2440  alluvial  and  3677 
quartz-miners.  At  Sandhurst  there  are  270  Chinamen,  nearly  all 
engaged  in  surface-washing,  while  at  Ballarat  there  are  736  Mon- 
golians to  5508  Europeans. 

« 

*  At  Ballarat,  as  the  deep  leads  (alluvial )  were  becoming  worked  out,  the  crop- 
pings  of  the  quart2*vein8  were  found  in  the  bed-rock  of  the  allnviam.  Several 
claims  which  have  been  rich  in  alluvium  are  now  good  quartz-mines. 
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The  Bendigo  gold-field  includes  several  scattered  subdivisions ; 
but  it  consists  practically  of  Eaglehawk  and  Sandhurst  (or  Bendigo), 
two  distinct  municipalities,  forming  one  long  straggling  township, 
somewhat  after  the  manner'*'  of  Gold  Hill  and  Virginia  City,  or 
Blackhawk  and  Central  City. 

In  1890  the  machinery  employed  in  quartz-mining  was  thus  dis- 
tributed : 


Steam- 

Machine 

Concen- 

Arraa- 

engines). 

Stamps. 

drills. 

trators. 

tras. 

Sandhurst, 

.     175 

625 

70 

65 

25 

Eaglehawk, 

.    105 

501 

40 

40 

6 

For  the  Bendigo  gold-field  as  a  whole,  the  numbers  are  as  fol- 


DVKC         NEW  CHUM -LINE 


Fig.  4. 

QARDEN  QULLY  LINE 


HUSTLER  8  LINE 


.-^L-.^X^ 


^^^N.: 


IDEAL  SECTION. 

8H0WINQ  THE  MAIN  LINES  OF  REEF. 


BroOl^  ^  FiaUt  Mmgra.  M  T. 


lows:  Steam  engines^  316;  aggregate  nominal  H.P.,  6873;  stamp- 
heads^  1328;  whimSy  76;  whips,  127;  machine-drills,  128;  con- 
centrators, 1j06;  arrastras,  82.  The  total  value  is  estimated  at 
£478^611.  Considering  the  size  and  yield  of  the  district,  the  value 
of  the  machinery  is  small  indeed,  when  compared  to  that  of  a 
Western  American  miniug-camp,  with  its  much  larger  and  more 
costly  hoisting-engines,  mills,  etc. 

*  Bat  the  mining  townships  of  Victoria  are  very  different  from  those  of  the 
great  West.  Ballarat,  Sandhurst,  Clunes,  and  Creswick  are  pretty  towns,  situated 
in  rich  agricultural  districts,  and  presenting  none  of  that  bare  rugged ness  which  is 
characteristic  of  most  mining  camps  of  Colorado,  Nevada,  and  California. 
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The  quaDtity  and  cost  of  the  timber  consumed  for  mining  pur- 
poses during  the  year  were  as  follows  : 

Firewood* 146,628  tons. 

Props  and  cap-pieoes, 105,533  pieces. 

Laths  and  slabs, 80,820     ** 

Sawn  timber, 821,232  feet 

The  value  of  this  is  set  down  at  £63,856  6a.  6d 

Mining  is  carried  on  for  the  most  part  by  companies,  whose  share 
capital  is  invariably  small  and  their  reserve  capital  usually  nil. 
The  tribute-system  is  largely  in  use,  and,  here  as  elsewhere,  often 
leads  to  the  discovery  of  valuable  ore-bodies.  There  are  some  private 
mines,  the  most  important  of  which  belong  to  Mr.  Lansell,  a  mine- 
owner,  the  record  of  whose  enterprise  forms  an  important  part  of 
the  history  of  the  field.  A  few  small  parties  of  miners,  less  numer- 
ous than  the  future  prosperity  of  the  district  requires,  are  engaged 
in  prospecting  new  ground. 

Operations  are  distributed  among  eleven  approximately  parallel 
formations  or  ^'  lines  of  reef,"  of  which  by  far  the  most  important 
are  the  New  Chum,t  the  Grarden  Gully  and  the  Hustlers.  At 
present  the  greatest  activity  prevails  along  the  first-named  which 
has  also  been  the  most  continuously  productive  of  the  series.  A 
notion  of  the  extent  of  the  field  and  its  worthiness  to  rank  among 
the  greatest  of  modern  mining  centers  may  be  obtained  from  the 
following  statements.  The  New  Chum  lode  has  been  worked  from 
Axe  Creek  to  the  Franklin  mine  in  Sailors'  Gully,  a  distance  of 
fourteen  miles.  The  Garden  Gully  has  been  followed  from  the 
Suffolk  Tribute  and  the  Moon,  beyond  Eaglehawk,  to  the  Great 
Southern  Extended,  beyond  Bendigo  Creek,  a  distance  of  7  miles. 
The  third  great  lode,  the  Hustlers,  has  been  tapped  at  the  Fortuna 
Hustlers  in  the  city  of  Sandhurst,  and  from  there  has  been  worked 
as  far  as  the  King  of  Prussia,  in  Opossum  Gully,  which  is  5  miles 
away.  So  much  for  the  extent  of  working  along  the  strike.  Down- 
wards, the  New  Chum  has  been  followed  for  a  vertical  depth  of  over 
half  a  mile  (2641  feet),  the  Garden  Gully  for  over  2300  feet  and  the 
Hustlers  2000  feet  There  are  in  Sandhurst  18  shafts  exceeding  in 
depth  2000  feet.     Several  of  these  are  still  going  down  ;  and  of  the 

*  Fifty  feet  of  firewood  equal  one  ton  of  2240  pounds.  Laths  and  slabs  are  the 
same  as  what  the  American  eaUs  "  lagging." 

t  "  New  Chum "  is  the  colonial  equivalent  of  the  Western  "  tenderfoot,^'  *.«.,  a 
fresh  arrival  in  the  country. 
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20  companies  among  which  these  18  shafts  are  distributed,  3  are  in 
rich  ore,  7  are  breaking  pay-ore,  9  are  prospecting  and  1  ie  idle. 

Though  the  output  has  Buffered  duriag  the  past  two  years  by 
reason  of  the  greater  attractions  presented  by  gambling  in  silver 
shares  at  Broken  Hill,  Sandhurst  contained  during  the  past  year  28 
dividend -paying  companies  which  produoed  101,879  ounces  10  dwts. 
(not  including  7  tribute  parties  which  were  dividend  paying), 
enabling  the  payment  of  £149,381  17«.  in  dividends.  The  work 
of  the  past  year  has  shown  an  improvement  as  indicated  by  the  fol- 
lowing comparisoD.     lu  1889  the  calls  amounted  to  £137,489,  the 


dividends  to  £118,173,  a  balance  on  the  wrong  side  of  £19,016.  In 
1890  the  calls  were  diminished  to  £111,142,  while  the  dividends 
increased  to  £149,381,  leaving  a  profit  of  £38,239.  During  the 
last  14  years  the  dividends  have  excelled  the  calls  by  £1,101,836,  the 
year  1889  being  the  only  unprofitable  period.  Roughly  speaking, 
during  1890  each  ounce  of  gold  was  obtained  at  a  cost  of  £2  lOs.  8d., 
leaving  £1  9s.  4d.  as  profit  for  the  eharehonlders- 

Out  of  the  28  companies  which  appeared  on  the  dividend-list  at 
the  beginning  of  1891,  the  20  whose  records  are  obtainable  show 
that  only  four  have  failed  to  pay  back  the  capital  expended 
upon   them,  and  of  these  four,  one  is  not  yet  a  year  old.     The 
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average  total  dividends  of  each  of  these  20  properties*  amounts 
to  £81,947,  the  average  nominal  capital  of  each  is  £49,742, 
while  the  average  paid  up  capital  is  only  £31,167.  It  is  seen,  there- 
fore, that  these  20  companies  have  returned  in  dividends  nearly 
twice  the  amount  of  capital  called  up  for  their  equipment  and  de- 
velopment. Further,  it  should  be  stated  that  the  number  under 
consideration  does  not  include  several  of  the  minesf  which  have  the 

*  The  following  list  gives  the  detailed  figures  of  the  twenty  companies  which 
were  dividend-paying  at  the  beginning  of  this  year  (1891).  The  results  are  given 
up  to  the  end  of  1890: 

Nominal  Paid  up 

Company.  capital.  capital.  Dividends. 

£.  £.  £. 

Catherine  Beef  United,  .        .  135,200  82,810  50,755 

Fortuna  Hnstlere,  .        .        .  14,000  3,500  2,800 

Gt.  Extended  Hustlers,  .        .  68,000  62,050  419,200 

Hercules  and  Energetic,         .  60,000  8.250  74,625 

Johnson's  Reef,       .        .        .  78,000  72,100  223,950 

Lazarus  New  Chum,       .        .  67,500  63,187  67,500 

Lazarus  No.  1,         .        .        .  67,500  63,950  95,062 

LadyBarkly, .        .        .        .  24,000  17,400  58,315 

New  Chum  Con,     .        .        .  42,000  18,200  132,300 

New  Chum  Railway,       .        .  36,890  28,589  52,078 

New  Chum  United,         .        .  14,750  8,850  66,376 

North  Old  Chum,   .        .        .  54,000  33,075  86,495 

Rose  of  Denmark,   .        .        .  24,000  4,800   '  63,600 

Shamrock,       ....  45,000  27,750  15,750 

Shenandoah,   ....  96,000  33,600  59,600 

South  New  Chum,  .        .        .  32,000  21,735  800 

Specimen  Hill  United,    .        .  20,000  12,000  23,500 

United  Hustlers  and  Redan,  .  48,000  19,200  114,000  • 

United  Devonshire,         .        .  28,000  9,800  21,700 

Young  Chum,         .        .        .  40,000  32,500  10,550 

Totals,   .        .        .    994,840  623,346  1,638,955 

Averages,      .       .      49,742  31,167  81,947 

t  The  greatest  producers  have  been  the  following  mines : 

Called  up 
Name.  capiud.  Dividends. 

£.  £. 

Garden  Gully  United, 21,642  667,796 

Gt.  Extended  Hustlers, 62,050  419.200 

Johnson's  Reef, 72,100  223,950 

Gt  Hustler's  Tribute, 61,200  620,200 

North  Johnson's, 31,850  148,626 

United  Devonshire 8,244  224,000 

New  Chum  Con.,      .        .        .        .        .        .  18,200  132,300 

There  are  many  others,  the  totals  of  whose  dividends  is  more  than  £100,000. 
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greatest  records,  but  have  temporarily  dropped  out  of  the  divi* 
dend-list. 

The  instances  of  individual  productiveness  here  have  been  sur- 
passed in  other  parts  of  the  world ;  but  it  is  doubtful  whether  in  the 
history  of  gold-mining  there  can  be  shown  a  better  record  in  the 
proportion  of  dividends  paid  to  capital  expended.  The  product  of 
the  mines  from  tribute-parties  is  not  included  in  the  above  list  unless 
especially  mentioned.  It  is  a  matter  of  record,  for  instance,  that, 
including  the  product  of  the  tributers,  the  (jarden  Gully  United  has 
yielded  over  £1,000,000.  The  Kentish  mine  of  the  late  J.  B. 
Watson  is  said  to  have  yielded  over  £2,600,000;  and  another 
private  mine,  G.  Lansell's  '^180,'^  has  given  magnificent  profits  to 
its  owner,  as  have  also  several  tribute-workings,  the  records  of  which 
are  not  accessible  now. 

To  the  Australian  the  name  of  Sandhurst  is  always  associated  with 


Fig.  6. 


:/ 
/ 


■A    I  wvmi  V  .       »         \  '•    .\  V 


'^ll 


INVERTED  SADDLES. 

the  "saddle-reefs."  It  was  the  frequent  mention  of  these  which  led 
me  to  visit  the  mines  ;  and  it  is  the  peculiar  interest  which  they  must 
have  for  all  geologists  and  mining  engineers  which  has  induced  the 
publication  of  these  notes.  Before  discussing,  however,  these  and 
other  matters  of  detail,  a  general  account  of  the  geology  of  the 
district  should  be  given. 

Geology. 

As  will  be  seen  by  reference  to  the  map*  of  Victoria  (Fig.  1,  p.  465), 
the  gold-field  is  situated  near  the  northern  edges  of  the  exposure  of 
the  Lower  Silurian,  which,  a  short  distance  further  north,  is  over- 
lain by  Pliocene  shales.     The  boss  of  granite  at  Mt.  Hope  suggests 

*  The  geological  map  of  a  portion  of  Victoria  which  accompaoies  this  paper, 
was  copied  by  me  from  the  geological  sketch-map  in  Th^  Oeology  and  Phy$ical 
Oeoffrapky  of  Victoria,  by  B.  A.  F.  Murray,  the  geologist  of  the  Victorian  govern- 
ment. 
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the  deeper  masses  of  crystalline  rocks  which  also  form  the  Mt.  Alex- 
ander ranges^  dividing  the  Sandhurst  and  Castlemaine  gold-fields. 
The  gold-mining  districts  of  Victoria  are  almost  entirely  confined  to 
beds  of  Upper  and  Lower  Silurian  age,  of  which  Mr.  Murray  says  :* 
"  As  surface  or  underlying  rocks,  they  occupy  the  greater  part  of 
Victoria  from  the  sea-coast  to  elevations  exceeding  6000  feet" 
They  form  the  bed-rock  of  the  alluvium  the  yield  of  which  aston- 
ished the  world  in  1851,  and  the  country-rock  of  the  quartz-lodes 
from  which  that  alluvial  gold  was  derived.  Selwynf  computed  their 
total  thickness  to  be  not  less  than  35,000  feet.  While  the  line  of 
division  between  the  two  horizons  has  not  been  found,  certain  difier- 
ences  in  lithological  character  and  fossil  remains  have  led  the  Vic- 
torian Geological  Survey  to  refer  to  the  Upper  Silurian  that  portion 
of  the  Silurian  rocks  lying  east  of  a  line  drawn  from  Melbourne  to 
Heathcote,  while  the  Silurian  west  of  that  line  is  regarded  as  Lower. 
It  is  in  the  lower  horizon,  which,  according  to  Professor  McCoy,  cor- 
responds to  the  Llandeilo  Flags  and  Bala  rocks  of  Wales,  that  the 
auriferous  deposits  of  Ballarat,  Castlemaine,  and  Sandhurst;^  occur. 
In  the  upper  are  the  Ovens  district,  the  Buckland  and  Harriet- 
ville.  Again,  to  the  latter  belong  the  picturesque  alpine  districts, 
and  to  the  former,  the  extensive  plains  diversified  by  low  rounded 
hills. 

While  there  is  a  general  similiarity  in  the  mode  of  occurrence  of 
the  gold,  there  are  also  some  interesting  differences  in  the  habits  of 
the  quartz-lodes  in  the  two  horizons.  The  auriferous  deposits  are 
found  traversing  certain  defined  belts,  which  have  a  general  strike 
20^  to  30^  west  of  north.  These  parallel  belts  contain  veins  of 
quartz  which  conform  to  the  general  strike,  and  which,  like  the  belts 
themselves,  are  separated  by  barren  portions  of  country.  My  ob- 
servations lead  me  to  believe  that  the  gold-veins  of  the  Lower  Si- 
lurian are  more  often  conformable  to  the  stratification,  while  those 
of  the  Upper  are  more  frequently  true  fissures,  traversing  the  country 
at  an  angle  to  the  bedding.  R.  A.  F.  Murray,  the  government 
geologist,  has  noted  that  while  the  quartz-reefs  in  the  Upper  Silurian 

*  Page  33  of  the  book  mentioned  in  the  preceding  note. 

t  A.  R.  C.  Selwyn,  formerly  head  of  the  Geological  Survey  of  Victoria,  and  now 
occupying  a  similar  position  under  the  Canadian  government. 

X  The  fossils  most  common  in  the  rocks  at  Sandhurst,  are  graptolites,  particularly 
BtellaluSf  ezteruuB  and  IripedeSf  together  with  SerttUaria  magna  and  vergatOf  Ditfymo- 
grapnu  fnUico9ua,  and  PhyllograpBtu  folium.  In  the  weathered  slate-beds  they  are 
easily  found,  but  underground  the  dark  color  of  the  rock,  and  the  development  of 
fine  cleavage  renders  them  difficult  of  recognition. 
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may  be  fewer  in  number  and  smaller  in  size,  they  have,  on  the  other 
hand,  considerably  exceeded  hitherto,  in  their  average  yield  of  gold, 
the  reefs  in  the  lower  division.*  It  seems  probable,  however,  that 
the  smaller  number  of  discovered  reefs  in  the  upper  horizon  is 
largely  due  to  the  more  mountainous  and  less  accessible  character  of 
the  country  in  which  they  occur.  In  the  few  districts,  such  as 
Bright  and  the  Buckland,  where  there  has  been  any  considerable 
amount  of  prospecting  in  the  rocks  of  this  division,  large  numbers 
of  parallel  veins  have  been  exposed.  Their  greater  yield  per  ton 
is  accounted  for  by  the  fact  that  the  ores  of  the  mines  in  the  Upper 
Silurian  are  frequently  so  charged  with  sulphides  as  to  come  under 
the  "refractory"  class,  necessitating  the  working  of  ore  of  higher 
tenor  than  is  required  in  the  Lower  Silurian,  where  the  quartz  is 
usually  of  the  simplest  "free-milling"  type.  This  difference  will 
also  serve  to  explain  the  circumstance,  mentioned  by  the  govern- 
ment geologist,  that  all  the  largest  nuggets  obtained  in  the  alluvial 
mines  of  Victoria  have  been  found  where  Lower  Silurian  rocks 
prevail. 

The  Bendigo  district  consists,  broadly  speaking,  of  a  belt  of  sand- 
stones and  slates  of  Lower  Silurian  age,  abutting  to  the  south  and 
west  against  the  granite  of  the  Mt.  Alexander  ranges  and  overlain 
to  the  north  and  northeast  by  the  shales  of  the  Pliocene.  The  most 
marke<I  characteristic  of  these  sandstone  and  slate  beds  is  the  extreme 
bending,  folding,  and  contortion  which  they  have  undergone, 
accompanied,  as  might  be  expected,  by  a  varying  amount  of  fissuring 
and  faulting.  The  anticlinal  and  synclinal  undulations  are  often 
remarkably  sharp  and  exhibit  every  gradation  in  extent,  from  a  few 
feet  to  miles,  from  a  hand-specimen  to  those  larger  corrugations  of 
the  earth's  crust  which  geologists  name  "  ge-synclines"  and  "ge- 
anticlines." The  main  anticlinal  axes  strike  N.  N.  W.  and  S.  S.  E., 
but  there  are  also  transverse  undulations  which  further  complicate 
the  geological  structure. 

The  Reefs. 

The  quartz  reefs  or  lodesf  conform  to  these  folds  in  the  country- 


*  The  returns  bIiow  that  the  average  yield  per  ton  is  as  follows  : 

Upper  Silurian,  Beech  worth,  13  dwls.  23  gre.,  Gippsland  15  dwts.  21  grs. 

Lower  Silurian,  Ballarat,  7  dwts.  21  grs.,  Bendigo,  9  dwts.  5  gre. 

t  The  Australian  calls  a  quartz  lode  or  vein  a  "  reef,"  the  Californian  a  "  ledge,*' 
while  in  Colorado  the  word  "crevice"  often  does  similar  duty.  Throughout  this 
article  I  shall  often  use  the  colonial  mining  terms,  since  they  are  usually  expressive 
and  it  would  be  difficult  to  find  other  names  that  are  aot  also  local. 
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rock^  that  is,  the  ore-deposits  lie  between  and  along  the  beds  of  slate 
and  sandstone,  the  anticlinal  axes  of  which  form  the  apex  or  cap  of 
the  quartz-formations,  which  are  thus  known  as  ''saddles,^'  while 
the  lower  portions,  called  the  ^*  legs,''  similarly  dip  east  and  west 
with  the  inclosing  strata.  In  like  manner,  in  the  direction  of  their 
strike,  the  quartz-formations'*^  pitch  Qorth  and  south  conformably  to 
the  longitudinal  undulations  produced  in  the  anticlinal  axes  by  the 
transverse  folds  mentioned  above. 

The  "  saddle-reef"  is  the  distinctive  ore-deposit  of  the  Sandhurst 
mines.  The  references  to  this  most  beautiful  type  of  ore-deposit  to 
be  found  among  the  works  relating  to  the  distribution  and  extraction 
of  the  precious  metals,  are  both  meager  and  inaccurate.  In  the 
Colonies,  it  is  true,  one  hears  a  great  deal  of  these  '^  Sandhurst  sad- 
dles,'*  such  references  being,  however,  for  the  most  part  very  vague 
and  incorrect.  In  other  mining  districts,  in  the  neighboring  colo- 
nies of  New  South  Wales,  Queensland,  etc.,  the  writer  has  often 
heard  this  or  that  mine  spoken  of  as  containing  ''a  saddle,  just  like 
those  of  Sandhurst."  On  examination  these  proved  in  every  case  to 
be  different  forms  of  the  ordinary  junction  of  two  lodes,  not  true  an- 
ticlines, producing  however  bodies  of  quartz  which  the  old  Bendigo 
digger  would  promptly  label  as  "saddles,"  for  the  sake,  perhaps,  of 
auld  lang  syne,  1  was  beginning  to  fear  that  the  saddle-reef  as  a 
distinct  formation  did  not  exist  at  all,  even  at  Sandhurst,  until 
underground,  at  the  New  Chum 'and  Victoria  mine,  I  saw  for  the 
first  time  a  type  of  ore-deposit  which  is  perhaps  the  most  interesting 
of  the  many  forms  in  which  gold  is  known  to  occur.  I  remember 
well  my  delight  in  recognizing  the  peculiar  character  of  the  lodes, 
also  my  disappointment  on  finding  that  the  "west  legs"  did  not 
conform  to  the  bedding,  and  then  finally  my  relief  when  I  saw  that 
in  the  latter  observation  I  had  confounded  bedding  and  cleavage. 
The  cleavage  in  some  parts  of  the  field  is  so  strong  as  to  obliterate 
the  bedding ;  and  it  is  by  reason  of  this  fact  that  so  many  observers 
have  gone  astray.  In  what  is  practically  the  only  authority  dealing 
with  Victorian  mining — Brough  Smyth's  Gold-fields  of  Victoria — 
there  is  a  lamentable  confusion  upon  this  point.  The  difficulty  is 
further  increased  by  the  fact  that  there  are  "  false  saddles,"  one  leg 

*  In  the  mines,  the  words  "pitch,"  '*dip,"  "underlay,"  etc.,  are  used  indis- 
criminately. I  shall  always  use  *'  dip  "  to  express  the  angle'with  the  horizon,  east 
or  west,  made  by  the  beds  of  the  country  or  the  reefs  which  are  conformable  to 
them.  "  Pitch  "  will  be  used  to  describe  the  Inclination  north  or  south  along  the 
strike  of  the  quartz- format  ions. 
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of  which  conforms  to  the  stratification^  while  the  other  follows  a 
joint  or  some  other  cross-fracture  in  the  country.  Figs.  2  and  3  (pp. 
467  and  469),  illustrate  the  simplest  type  of  true  and  false  saddles. 
In  both  cases  the  bedding-planes  are  indicated,  while,  to  avoid  con- 
fusion, the  lines  of  cleavage  are  omitted.  In  Fig.  2,  A  would  be 
called  the  cap  or  apex,  B  the  west  leg,  and  C  the  east  leg.  A  cross- 
cut passing  through  D  would  be  said  to  be  in  '^  center-country  ;'^  as 
soon  as  the  dip  of  the  beds  became  distinctly  east  or  west  the  cross- 
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cut  would  have  penetrated  into  "east "  or  "  west  country."  In  Fig. 
3,  A  A  illustrates  a  fissure,  sometimes  a  fault,  sometimes  only  a 
joint ;  D  D  is  the  ore  formed  along  this  line  of  fissure,  while  B  is 
the  body  of  quartz  formed  at  its  junction  with  the  bedding-plane 
C  C,  which  carries  another  vein  of  quartz.  When  a  formation  like 
this  is  further  complicated  by  a  few  minor  faults  and  the  develop- 
ment of  a  strong  slaty  cleavage  at  varying  angles,  it  is  very  diffi- 
cult to  determine  correctly  the  true  facts  of  the  ca^e ;  and  the  quartz- 
body  may  be  mistaken  for  a  true  saddle,  that  is,  an  anticline  of 

quartz. 

voih  XX.— 31 


482 


THE   BENDIGO  GOLD-FIELD. 


The  mines  are  located  along  the  various  "lines  of  reef,"  which 
are  coincident  with  the  surface-exposure  of  the  quartz  formed  along 
the  anticlinal  axes.  The  general  dip  of  the  country  (as  distinguished 
from  that  pf  the  individual  beds  comprising  it)  is  eastward ;  or,  as 
the  miners  put  it,  "  center-country  dips  east."  The  following  state- 
ment illustrates  this  point.  Three  mines  (they  happen  to  be  three 
famous  producers)  are  taken  approximately  opposite  each  other  on 
the  three  great  lines  of  reef— the  New  Chum,  the  Garden  Gully,  and 
the  Hustlers.  In  the  accompanying  table,  the  third  column  gives 
the  average  strike  of  the  anticline  which  forms  the  "  line  of  reef," 
and  the  fourth  the  pitch  of  the  quartz-formation  at  the  depths  indi- 
cated in  the  brackets.  The  last  column  gives  the  dip  of  "  center- 
country '*  as  determined  from  the  figures  given  in  columns  5  to  8. 
Taking  the  saddle  as  similar  to  the  roof  of  a  house,  the  third  column 
gives  the  angle  which  the  ridge  makes  with  the  meridian ;  the  fourth, 
the  angle  "with  the  plane  of  the  horizon;  and  the  last  column,  the  in- 
clination of  its  axis  when  it  is  slightly  tilted  to  one  side. 


Table  showing  the  Principal  Features  of  the  Main  Saddle-FormaHons, 


Shaft. 


••180"  Mine 

Victory  and  Pandora 


(A 
o 

a 


Gt.  Ex.  Hustlers. 


New  Chum... 
Garden  Gully 
Hustlers 


M 
oo 


210W.0fN. 


■a? 


g 


43 
P. 


line  (at  2500  ft.)  660 


25«>  W.  of  N.  1  in  6  (at  660  ft.) 
2SiP  W  of  N.  1  in  6  (at  1800  ft.) 


140 
200 


66ft.W, 

9  "    •* 

80  "    " 


2600   70ft.E.  llnU 

1  i 

2160130"  •*  ;linl53^ 

I 

1800160"  "  'lin6>i 


At  the  "180"  mine,  for  instance,  the  strike  of  the  New  Chum 
formation  is  21°  W,  of  N.,  the  pitch  of  the  saddle  at  the  2500-foot 
level  is  northward  1  in  6,  the  dip  of  center-country  is  east  about  1 
in  14.  The  last  is  determined  thus:  at  the  560-foot  cross-cut  the 
center  country  is  65  feet  west  of  the  shaft,  while  at  the  2500  it  is 
70  feet  east  of  the  shaft,  so  that  it  has  travelled  eastward  135  feet 
in  about  1940  f^i^  the  general  dip  of  the  country  having  taken  from 
one  side  to  the  other  of  this  particular  shaft  the  series  of  beds  inter- 
sected by  it.  The  ideal  section.  Fig.  4  (p.  471),  represents  the  structure, 
and  shows  how,  the  general  trend  of  the  country  being  to  the  east,  any 
one  of  the  deep  mine-workings  will  intercept,  in  succession,  many 
saddles,  some  of  which  will  prove  gold-bearing  and  some  barren. 
It  will  be  understood  that  only  the  gold-bearing  ones  of  the  series 
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are  developed  in  a  manner  permitting  their  proper  examination. 
One  mine  may  have  only  two  gold-bearing  saddles,  while  another 
may  have  exposed  a  dozen  or  more.*  As  soon  as  one  formation  has 
been  worked  out,  when  the  I^  intercepted  by  the  deeper  cross-cuts 
are  found  to  become  too  small  or  too  poor  for  profit,  prospecting  is 
renewed  until  another  gold-bearing  saddle  is  cut.  Its  apex  may 
occur  between  the  lower  portions  of  the  l^s  of  the  last  saddle  or  it 
may  not  be  found  for  200  or  300  feet  deeper.  Deeper,  not  further 
east  or  west  on  the  same  horizon  ;  for  the  working  of  the  mine  has 

Fig.  13 
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222  <ND  LAZARUS  MINES, 
shown  that  a  gold-bearing  succession  of  saddles  will  go  down  in 
step-like  gradations,  each  succeeding  one  being  slightly  eastward  of 
theoDeaboveit(seeFig.  5,  p.  473).  Thiseimplioity  of  arrangement  is, 
of  course,  much  complicated,  sometimes  utterly  destroyed,  by  faulting, 
and  by  the  formation  of  irregular  bodies  of  quartz  that  may  be  rec- 
ognised oocasiouaily  as  imperfect  saddles. 

*  In  the  New  Chum  and  Victoria  mine,  for  inBUnce,  as  maoy  aa  30  saddles 
have  been  passed  through  from  the surrai^io  2300  feet.  In  ihe  "  1)^0"  mine,  five 
have  been  discovered  and  explored,  of  which  number  three  have  proved  proGlabl; 
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average  total  dividends  of  eaoh  of  these  20  properties'*^  amounts 
to  £81,947,  the  average  nominal  capital  of  each  is  £49,742, 
while  the  average  paid  up  capital  is  only  £31,167.  It  is  seen,  there- 
fore, that  these  20  companies  have  returned  in  dividends  nearly 
twice  the  amount  of  capital  called  up  for  their  equipment  and  de- 
velopment. Further,  it  should  be  stated  that  the  number  under 
consideration  does  not  include  several  of  the  minesf  which  have  the 

*  The  following  list  gives  the  detailed  figures  of  the  twenty  companies  which 
were  dividend-paving  at  the  beginning  of  this  year  (1891).  The  results  are  given 
up  to  the  end  of  1890: 

Nominal  Paid  up 

Company.  capital.  capital.  Dividends. 

£.  £.  £. 

Catherine  Reef  United,  .        .  135,200  82,810  50,755 

Fortuna  Hnstlera,   .        .        .  14,000  3,500  2,800 

Gt.  Extended  Hustlers,  .        .  68,000  62,050  419,200 

Hercules  and  Energetic,         .  60.000  8,250  74,625 

Johnson's  Reef,       .        .        .  78,000  72,100  223,950 

Lazarus  New  Chum,       .        .  67,500  63,187  67,500 

Lazarus  No.  1,         .        .        .  67,500  63,950  95,062 

LadyBarkly, .        .        .        .  24,000  17,400  58,315 

New  Chum  Con,     .        .        .  42,000  18,200  132,300 

New  Chum  Railway,       .        .  36,890  28,589  52,078 

New  Chum  United,         .        .  14,750  8,850  66,375 

North  Old  Chum,   .        .        .  54,000  33,075  86,495 

Rose  of  Denmark,   .        .        .  24,000  4,800   '  63,600 

Shamrock,       ....  45,000  27,750  15,750 

Shenandoah,   ....  96,000  33,600  59,600 

South  New  Chum,  .        .        .  32,000  21,735  800 

Specimen  Hill  United,    .        .  20,000  12,000  23,500 

United  Hustlers  and  Redan,  .  48,000  19,200  114,000  • 

United  Devonshire,         .        .  28,000  9,800  21,700 

Young  Chum,          .        .        .  40,000  32,500  10,550 

Totals,   .  .    994,840  623,346  1,638,955 

Averages,      .        .      49,742  31,167  81,947 

t  The  greatest  producers  have  been  the  following  mines : 

Called  up 
Name.  capliaL  Dividends. 

£.  £. 

Garden  Gully  United 21,642  667,796 

Gt.  Extended  Hustlers, 62,050  419,200 

Johnson*s  Reef, 72,100  223,950 

Gl  Hustler^s  Tribute, 61,200  620,200 

North  Johnson's, 31*850  148,626 

United  Devonshire, 8,244  224,000 

New  Chum  Con., 18,200  132,300 

There  are  many  others,  the  totals  of  whose  dividends  is  more  than  £100,000. 
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greatest  records,  but  have  temporarily  dropped  out  of  the  divi- 
dend-list. 

The  instances  of  individual  productiveness  here  have  been  sur- 
passed in  other  parts  of  the  world ;  but  it  is  doubtful  whether  in  the 
history  of  gold-mining  there  can  be  shown  a  better  record  in  the 
proportion  of  dividends  paid  to  capital  expended.  The  product  of 
the  mines  from  tribute-parties  is  not  included  in  the  above  list  unless 
especially  mentioned.  It  is  a  matter  of  record,  for  instance,  that, 
including  the  product  of  the  tributers,  the  Garden  Gully  United  has 
yielded  over  £1,000,000.  The  Kentish  mine  of  the  late  J.  B. 
Watson  is  said  to  have  yielded  over  £2,500,000;  and  another 
private  mine,  G.  LanselPs  ^^180,"  has  given  magnificent  profits  to 
its  owner,  as  have  also  several  tribute-workings,  the  records  of  which 
are  not  accessible  now. 

To  the  Australian  the  name  of  Sandhurst  is  always  associated  with 

Fig.  6. 
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the  "saddle-reefs."  It  was  the  frequent  mention  of  these  which  led 
me  to  visit  the  mines ;  and  it  is  the  peculiar  interest  which  they  must 
have  for  all  geologists  and  mining  engineers  which  has  induced  the 
publication  of  these  notes.  Before  discussing,  however,  these  and 
other  matters  of  detail,  a  general  account  of  the  geology  of  the 
district  should  be  given. 

Geology. 

As  will  be  seen  by  reference  to  the  map*  of  Victoria  (Fig.  1,  p.  465), 
the  gold-field  is  situated  near  the  northern  edges  of  the  exposure  of 
the  Lower  Silurian,  which,  a  short  distance  further  north,  is  over- 
lain by  Pliocene  shales.     The  boss  of  granite  at  Mt  Hope  suggests 

*  The  geological  map  of  a  portion  of  Victoria  which  accompanies  this  paper, 
was  copied  by  me  from  the  geological  sketch-map  in  Tht  Oeology  and  PhyMical 
Oeograpky  of  VietoriOf  by  B.  A.  F.  Murray,  the  geologist  of  the  Victorian  govern- 
ment. 
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the  deeper  masses  of  crystalline  rocks  which  also  form  the  Mt.  Alex- 
ander ranges^  dividing  the  Sandhurst  and  Castlemaine  gold-fields. 
The  gold-mining  districts  of  Victoria  are  almost  entirely  confined  to 
beds  of  Upper  and  Lower  Silurian  age,  of  which  Mr.  Murray  says  i* 
^'  As  surface  or  underlying  rocks,  they  occupy  the  greater  part  of 
Victoria  from  the  sea-coast  to  elevations  exceeding  6000  feeL'' 
They  form  the  bed-rock  of  the  alluvium  the  yield  of  which  aston- 
ished the  world  in  1851,  and  the  country-rock  of  the  quartz-lodes 
from  which  that  alluvial  gold  was  derived.  Selwynf  computed  their 
total  thickness  to  be  not  less  than  35,000  feet.  While  the  line  of 
division  between  the  two  horizons  has  not  been  found,  certain  difier- 
euces  in  lithological  character  and  fossil  remains  have  led  the  Vic- 
torian Geological  Survey  to  refer  to  the  Upper  Silurian  that  portion 
of  the  Silurian  rocks  lying  east  of  a  line  drawn  from  Melbourne  to 
Heathcote,  while  the  Silurian  west  of  that  line  is  regarded  as  Lower. 
It  is  in  the  lower  horizon,  which,  according  to  Professor  McCoy,  cor- 
responds to  the  Llandeilo  Flags  and  Bala  rocks  of  Wales,  that  the 
auriferous  deposits  of  Ballarat,  Castlemaine,  and  Sandhurst^  occur. 
In  the  upper  are  the  Ovens  district,  the  Buckland  and  Harriet- 
ville.  Again,  to  the  latter  belong  the  picturesque  alpine  districts, 
and  to  the  former,  the  extensive  plains  diversified  by  low  rounded 
hills. 

While  there  is  a  general  similiarity  in  the  mode  of  occurrence  of 
the  gold,  there  are  also  some  interesting  difierences  in  the  habits  of 
the  quartz-lodes  in  the  two  horizons.  The  auriferous  deposits  are 
found  traversing  certain  defined  belts,  which  have  a  general  strike 
20°  to  30°  west  of  north.  These  parallel  belts  contain  veins  of 
quartz  which  conform  to  the  general  strike,  and  which,  like  the  belts 
themselves,  are  separated  by  barren  portions  of  country.  My  ob- 
servations lead  me  to  believe  that  the  gold-veins  of  the  Lower  Si- 
lurian are  more  often  conformable  to  the  stratification,  while  those 
of  the  Upper  are  more  frequently  true  fissures,  traversing  the  country 
at  an  angle  to  the  l)edding.  R.  A.  F.  Murray,  the  government 
geologist,  has  noted  that  while  the  quartz-reefs  in  the  Upper  Silurian 

*  Page  33  of  the  book  mentioned  in  the  preceding  note. 

f  A.  R.  C.  Selwjn,  formerly  head  of  the  Geological  Sarvej  of  Victoria,  and  now 
occupying  a  similar  position  under  the  Canadian  government. 

i  The  fossils  most  common  in  the  rocks  at  Sandhurst,  are  graptolites,  particularly 
stelkUua,  exteneua  and  tripedegf  together  with  Sertularia  magna  and  vergatOf  Didymo- 
grapsus  fruUcosus,  and  PhyUogiv.p8u8  folium.  In  the  weathered  slate-beds  they  are 
easily  found,  but  underground  the  dark  color  of  the  rock,  and  the  development  of 
fine  cleavage  renders  them  difficult  of  recognition. 
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may  be  fewer  in  number  and  smaller  in  size,  they  have,  on  the  other 
hand,  considerably  exceeded  hitherto,  in  their  average  yield  of  gold, 
the  reefs  in  the  lower  division.*  It  seems  probable,  however,  that 
the  smaller  number  of  discovered  reefs  in  the  upper  horizon  is 
largely  due  to  the  more  mountainous  and  less  accessible  character  of 
the  country  in  which  they  occur.  In  the  few  districts,  such  as 
Bright  and  the  Buckland,  where  there  has  been  any  considerable 
amount  of  prospecting  in  the  rocks  of  this  division,  large  numbers 
of  parallel  veins  have  been  exposed.  Their  greater  yield  per  ton 
is  accounted  for  by  the  fact  that  the  ores  of  the  mines  in  the  Upper 
Silurian  are  frequently  so  charged  with  sulphides  as  to  come  under 
the  "  refractory  "  class,  necessitating  the  working  of  ore  of  higher 
tenor  than  is  required  in  the  Lower  Silurian,  where  the  quartz  is 
usually  of  the  simplest  "free-milling"  type.  This  diflFerenoe  will 
also  serve  to  explain  the  circumstance,  mentioned  by  the  govei'n- 
ment  geologist,  that  all  the  largest  nuggets  obtained  in  the  alluvial 
mines  of  Victoria  have  been  found  where  Lower  Silurian  rocks 
prevail. 

The  Bendigo  district  consists,  broadly  speaking,  of  a  belt  of  sand- 
stones and  slates  of  Lower  Silurian  age,  abutting  to  the  south  and 
west  against  the  granite  of  the  Mt.  Alexander  ranges  and  overlain 
to  the  north  and  northeast  by  the  shales  of  the  Pliocene.  The  most 
marked  characteristic  of  these  sandstone  and  slate  beds  is  the  extreme 
bending,  folding,  and  contortion  which  they  have  undergone^ 
accompanied,  as  might  be  expected,  by  a  varying  amount  of  fissuring 
and  faulting.  The  anticlinal  and  synclinal  undulations  are  often 
remarkably  sharp  and  exhibit  every  gradation  in  extent,  from  a  few 
feet  to  miles,  from  a  hand-specimen  to  those  larger  corrugations  of 
the  earth's  crust  which  geologists  name  "  ge-synclines"  and  "ge- 
anticlines." The  main  anticlinal  axes  strike  N.  N.  W.  and  S.  S.  E., 
but  there  are  also  transverse  undulations  which  further  complicate 
the  geological  structure. 

The  Reefs. 

The  quartz  reefs  or  lodesf  conform  to  these  folds  in  the  oountry- 

*  The  returns  show  that  the  average  yield  per  ton  is  as  follows  : 

Upper  Silarian,  Beech  worth,  13  dwts.  23  grs.,  Gippsland  16  dwts.  21  grs. 

Lower  Silurian,  Ballarat,  7  dwts.  21  grs.,  Bendigo,  9  dwts.  6  grs. 

t  The  Australian  calls  a  quartz  lode  or  vein  a  "  reef,"  the  Californian  a  "  ledge,** 
while  in  Colorado  the  word  "crevice"  often  does  similar  duty.  Throughout  this 
article  I  shall  often  use  the  colonial  mining  terms,  since  they  are  usually  expreasive 
and  it  would  be  difficult  to  find  other  names  that  are  not  also  local. 
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rock^  that  is,  the  ore-deposits  lie  between  and  along  the  beds  of  slate 
and  sandstone,  the  anticlinal  axes  of  which  form  the  apex  or  cap  of 
the  quartz-formations,  which  are  thus  known  as  "saddles/'  while 
the  lower  portions,  called  the  "  legs,"  similarly  dip  east  and  west 
with  the  inclosing  strata.  In  like  manner,  in  the  direction  of  their 
strike,  the  quartz-formations'*"  pitch  north  and  south  conformably  to 
the  longitudinal  undulations  produced  in  the  anticlinal  axes  by  the 
transverse  folds  mentioned  above. 

The  "  saddle-reef"  is  the  distinctive  ore-deposit  of  the  Sandhurst 
mines.  The  references  to  this  most  beautiful  type  of  ore-deposit  to 
be  found  among  the  works  relating  to  the  distribution  and  extraction 
of  the  precious  metals,  are  both  meager  and  inaccurate.  In  the 
Colonies,  it  is  true,  one  hears  a  great  deal  of  these  "  Sandhurst  sad- 
dles," such  references  being,  however,  for  the  most  part  very  vague 
and  incorrect.  In  other  mining  districts,  in  the  neighboring  colo- 
nies of  New  South  Wales,  Queensland,  etc.,  the  writer  has  often 
heard  this  or  that  mine  spoken  of  as  containing  "a  saddle,  just  like 
those  of  Sandhurst."  On  examination  these  proved  in  every  case  to 
be  different  forms  of  the  ordinary  junction  of  two  lodes,  not  true  an- 
ticlines, producing  however  bodies  of  quartz  which  the  old  Bendigo 
digger  would  promptly  label  as  "saddles,"  for  the  sake,  perhaps,  of 
aiUd  lang  syne.  I  was  beginning  to  fear  that  the  saddle- reef  as  a 
distinct  formation  did  not  exist  at  all,  even  at  Sandhurst,  until 
underground,  at  the  New  Chum'and  Victoria  mine,  I  saw  for  the 
first  time  a  type  of  ore-deposit  which  is  perhaps  the  most  interesting 
of  the  many  forms  in  which  gold  is  known  to  occur.  I  remember 
well  my  delight  in  recognizing  the  peculiar  character  of  the  lodes, 
also  my  disappointment  on  finding  that  the  "  west  legs "  did  not 
conform  to  the  bedding,  and  then  finally  my  relief  when  I  saw  that 
in  the  latter  observation  I  had  confounded  bedding  and  cleavage. 
The  cleavage  in  some  parts  of  the  field  is  so  strong  as  to  obliterate 
the  bedding ;  and  it  is  by  reason  of  this  fact  that  so  many  observers 
have  gone  astray.  In  what  is  practically  the  only  authority  dealing 
with  Victorian  mining — Brough  Smyth's  Gold-Fields  of  Victoria — 
there  is  a  lamentable  confusion  upon  this  point.  The  difficulty  is 
further  increased  by  the  fact  that  there  are  "false  saddles,"  one  leg 

*  In  the  mine?,  the  words  "pitch,"  **dip,"  "underlay,"  etc.,  are  used  indis- 
criniinatelj.  I  shall  always  use  *'dip  "  to  express  the  angle* with  the  horizon,  east 
or  west,  made  by  the  beds  of  the  country  or  the  reefs  which  are  conformable  to 
them.  "  Pitch  "  will  be  used  to  describe  the  inclination  north  or  south  along  the 
strike  of  the  quartz- formations. 
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of  which  conforms  to  the  stratification,  while  the  other  follows  a 
joint  or  some  other  cross-fracture  in  the  country.  Figs.  2  and  3  (pp. 
467  and  469),  illustrate  the  simplest  type  of  true  and  false  saddles. 
In  both  cases  the  bedding-planes  are  indicated,  while,  to  avoid  con- 
fusion, the  lines  of  cleavage  are  omitted.  In  Fig.  2,  A  would  be 
called  the  cap  or  apex,  B  the  west  leg,  and  C  the  east  leg.  A  cross- 
cut passing  through  D  would  be  said  to  be  in  "center-country  ;"  as 
soon  as  the  dip  of  the  beds  became  distinctly  east  or  west  the  cross- 
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cut  would  have  penetrated  into  "  east "  or  "  west  country."  In  Fig. 
3,  A  A  illustrates  a  fissure,  sometimes  a  fault,  sometimes  only  a 
joint ;  D  D  is  the  ore  formed  along  this  Ijne  of  fissure,  while  B  is 
the  body  of  quartz  formed  at  its  junction  with  the  bedding-plane 
C  C,  which  carries  another  vein  of  quartz.  When  a  formation  like 
this  is  further  complicated  by  a  few  minor  faults  and  the  develop- 
ment of  a  strong  slaty  cleavage  at  varying  angles,  it  is  very  diffi- 
cult to  determine  correctly  the  true  facts  of  the  case ;  and  the  quartz- 
body  may  be  mistaken  for  a  true  saddle,  that  is,  an  anticline  of 

quartz. 

vol*  XX.--31 
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The  mines  are  located  along  the  various  "lines  of  reef,"  which 
are  coincident  with  the  surface-exposure  of  the  quartz  formed  along 
the  anticlinal  axes.  The  general  dip  of  the  country  (as  distinguished 
from  that  of  the  individual  beds  comprising  it)  is  eastward ;  or,  as 
the  miners  put  it,  "center-country  dips  east."  The  following  state- 
ment illustrates  this  point.  Three  mines  (they  happen  to  be  three 
famous  producers)  are  taken  approximately  opposite  each  other  on 
the  three  great  lines  of  reef — the  New  Chum,  the  Garden  Gully,  and 
the  Hustlers.  In  the  accompanying  table,  the  third  column  gives 
the  average  strike  of  the  anticline  which  forms  the  "  line  of  reef," 
and  the  fourth  the  pitch  of  the  quartz-formation  at  the  depths  indi- 
cated in  the  brackets.  The  last  column  gives  the  dip  of  "  center- 
country  "  as  determined  from  the  figures  given  in  columns  5  to  8. 
Taking  the  saddle  as  similar  to  the  roof  of  a  house,  the  third  column 
gives  the  angle  which  the  ridge  makes  with  the  meridian;  the  fourth, 
the  angle  *with  the  plane  of  the  horizon;  and  the  last  column,  the  in- 
clination of  its  axis  when  it  is  slightly  tilted  to  one  side. 


Table  showing  the  Principal  Feaiures  of  the  Main  Saddle-Formations. 


Shaft. 


"180"  Mine 

Victory  and  Pandora 
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At  the  "180"  mine,  for  instance,  the  strike  of  the  New  Chum 
formation  is  21°  W.  of  N.,  the  pitch  of  the  saddle  at  the  2500-foot 
level  is  northward  1  in  6,  the  dip  of  center-country  is  east  about  1 
in  14.  The  last  is  determined  thus:  at  the  560-foot  cross-cut  the 
center  country  is  65  feet  west  of  the  shaft,  while  at  the  2500  it  is 
70  feet  east  of  the  shaft,  so  that  it  has  travelled  eastward  135  feet 
in  about  1940  feet,  the  general  dip  of  the  country  having  taken  from 
one  side  to  the  other  of  this  particular  shaft  the  series  of  beds  inter- 
sected by  it.  The  ideal  section.  Fig.  4  (p.  471),  represents  the  structure, 
and  shows  how,  the  general  trend  of  the  country  being  to  the  east,  any 
one  of  the  deep  mine-workings  will  intercept,  in  succession,  many 
saddles,  some  of  which  will  prove  gold-bearing  and  some  barren. 
It  will  be  understood  that  only  the  gold-bearing  ones  of  the  series 
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are  developed  id  a  manoer  permitting  their  proper  ezaminatioD. 
One  mine  may  have  only  two  gold-bearing  saddles,  while  another 
may  have  exposed  a  dozen  or  more.*  As  soon  as  one  formation  has 
been  worked  out,  when  the  1^  intercepted  by  the  deeper  oroes-cuts 
are  found  to  become  too  small  or  too  poor  for  profit,  prospecting  is 
renewed  until  another  gold-bearing  saddle  is  cut.  Its  apex  may 
ouiiir  between  the  lower  portions  of  the  legs  of  the  last  saddle  or  it 
may  not  be  found  for  200  or  300  (eet  deeper.  Deeper,  not  further 
east  or  west  on  the  same  horizon  ;  for  the  working  of  the  mine  has 

Fig.  13 
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222  A-D  LAZARUS  MINES. 
shown  that  a  gold-bearing  succession  of  saddles  will  go  down  in 
step-like  gradatioDS,  each  succeeding  one  being  slightly  eastward  of 
theoDeaboveit(seeFig.  5,  p.  473).  Thissimplioity  of  arrangement  is, 
of  course,  much  complicated,  sometimes  utterly  destroyed,  by  faulting, 
and  by  the  formation  of  irregular  bodies  of  quartz  that  may  be  rec- 
ognized oocastoually  as  imperfect  saddles. 

*  In  the  New  Chum  and  Vicluria  mine,  fur  JneUnce,  u  man;  m  30  saddJea 
have  been  passed  through  rrom  the  surface  to  2300  feet.  In  the  "  ISO  "  mine,  fi»e 
have  lieeo  discovered  and  explored,  of  which  number  three  have  proved  proGlabl; 
•ariferouB. 
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average  total  dividends  of  each  of  these  20  properties*  amounts 
to  ^1,947,  the  average  nominal  capital  of  each  is  £49,742, 
while  the  average  paid  up  capital  is  only  £31,167.  It  is  seen,  there- 
fore, that  these  20  companies  have  returned  in  dividends  nearly 
twice  the  amount  of  capital  called  up  for  their  equipment  and  de- 
velopment. Further,  it  should  be  stated  that  the  number  under 
consideration  does  not  include  several  of  the  minesf  which  have  the 

*  The  following  list  gives  the  detailed  figures  of  the  twenty  companies  which 
were  dividend-paving  at  the  beginning  of  this  year  (1891).  The  results  are  given 
up  to  the  end  of  1890: 

Nominal  Paid  up 

ComiMuiy.  capitaL  capital.  Dividends. 

£.  £.  £. 

Catherine  Reef  United,  .        .  135.200  82,810  60,755 

Fortuna  Hustlere,   .        .        .  14,000  3,500  2,800 

Gt  Extended  Hustlers,  .        .  68,000  62,050  419,200 

Hercules  and  Energetic,         .  60,000  8.250  74,625 

Johnson's  Reef,       .        .        .  78,000  72,100  223,950 

Lazarus  New  Chum,       .        .  67,500  63,187  67,500 

Lazarus  No.  1,         .        .        .  67,500  63,950  95,062 

LadyBarklj,  .        .                 .  24.000  17,400  58,315 

New  Chum  Con.     .        .        .  42,000  18,200  132,300 

New  Chum  Railway,       .        .  36,890  28,589  52,078 

New  Chum  United,         .        .  14,750  8,850  66,375 

North  Old  Chum,   .        .        .  54,000  33,075  86,495 

Rose  of  Denmark,   .        .        .  24,000  4,800   *  63,600 

Shamrock 45,000  27,750  15,750 

Shenandoah,   ....  96,000  33,600  59,600 

South  New  Chum,  .        .        .  32,000  21,735  800 

Specimen  Hill  United,    .        .  20,000  12,000  23,500 

United  Hustlers  and  Redan,  .  48,000  19,200  114,000  • 

United  Devonshire,         .        .  28,000  9,800  21,700 

Young  Chum,          .        .        .  40,000  32,500  10,550 

Totals,   .        .        .    994,840  623,346  1,638,955 

Averages,      .        .      49,742  31,167  81,947 

t  The  greatest  producers  have  been  the  following  mines : 

Called  up 
Name.  capital.  Dividends. 

£.  £. 

Garden  Gully  United, 21,642  667,796 

Gl  Extended  Hustlers, 62,050  419.200 

Johnson's  Reef, 72,100  223,950 

Gt.  Hustler's  Tribute, 61,200  620,200 

North  Johnson's, 31,850  148,625 

United  Devonshire, 8,244  224,000 

New  Chum  Con 18,200  132,300 

There  are  many  others,  the  totals  of  whose  dividends  is  more  than  £100,000. 
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greatest  records,  but  have  temporarily  dropped  out  of  the  divi- 
dend-list. 

The  instances  of  individual  productiveness  here  have  been  sur- 
passed in  other  parts  of  the  world ;  but  it  is  doubtful  whether  in  the 
history  of  gold-mining  there  can  be  shown  a  better  record  in  the 
proportion  of  dividends  paid  to  capital  expended.  The  product  of 
the  mines  from  tribute-parties  is  not  included  in  the  above  list  unless 
especially  mentioned.  It  is  a  matter  of  record,  for  instance,  that, 
including  the  product  of  the  tributers,  the  Grarden  Gully  United  has 
yielded  over  £1,000,000.  The  Kentish  mine  of  the  late  J.  B. 
Watson  is  said  to  have  yielded  over  £2,600,000;  and  another 
private  mine,  6.  LanselFs  '^180,"  has  given  magnificent  profits  to 
its  owner,  as  have  also  several  tribute-workings,  the  records  of  which 
are  not  accessible  now. 

To  the  Australian  the  name  of  Sandhurst  is  always  associated  with 


Fig.  6. 


/.  ..       ■  .  A    1  ■«/>■  V  .       *        \         '•    .1  .    \ 


-.^j^aac?-'. .  ■••  / 


the  "saddle-reefs."  It  was  the  frequent  mention  of  these  which  led 
me  to  visit  the  mines ;  and  it  is  the  peculiar  interest  which  they  must 
have  for  all  geologists  and  mining  engineers  which  has  induced  the 
publication  of  these  notes.  Before  discussing,  however,  these  and 
other  matters  of  detail,  a  general  account  of  the  geology  of  the 
district  ishould  be  given. 

Geology. 

As  will  be  seen  by  reference  to  the  map"*"  of  Victoria  (Fig.  1,  p.  465), 
the  gold-field  is  situated  near  the  northern  edges  of  the  exposure  of 
the  Lower  Silurian,  which,  a  short  distance  further  north,  is  over- 
lain by  Pliocene  shales.     The  boss  of  granite  at  Mt.  Hope  suggests 

*  The  geological  map  of  a  portion  of  Victoria  which  accompanies  this  paper, 
was  copied  hj  me  from  the  geological  sketch-map  in  The  Geology  <vnd  PhytiecU 
Oeography  of  VietoriOf  by  B.  A.  F.  Murraj,  the  geologist  of  the  Victorian  govern- 
ment. 
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the  deeper  massee  of  crystalline  rocks  which  also  form  the  Mt.  Alex- 
ander ranges,  dividing  the  Sandhurst  and  Castlemaine  gold-fields. 
The  gold-mining  districts  of  Victoria  are  almost  entirely  confined  to 
beds  of  Upper  and  Lower  Silurian  age,  of  which  Mr.  Murray  says  :* 
^'  As  surface  or  underlying  rocks,  they  occupy  the  greater  part  of 
Victoria  from  the  sea-coast  to  elevations  exceeding  6000  feet." 
They  form  the  bed-rock  of  the  alluvium  the  yield  of  which  aston- 
ished the  world  in  1851,  and  the  country-rock  of  the  quartz-lodes 
from  which  that  alluvial  gold  was  derived.  Selwynf  computed  their 
total  thickness  to  be  not  less  than  35,000  feet.  While  the  line  of 
division  between  the  two  horizons  has  not  been  found,  certain  differ- 
ences in  lithological  character  and  fossil  remains  have  led  the  Vic- 
torian Geological  Survey  to  refer  to  the  Upper  Silurian  that  portion 
of  the  Silurian  rocks  lying  east  of  a  line  drawn  from  Melbourne  to 
Heathcote,  while  the  Silurian  west  of  that  line  is  regarded  as  Lower. 
It  is  in  the  lower  horizon,  which,  according  to  Professor  I^IcCoy,  cor- 
responds to  the  Llandeilo  Flags  and  Bala  rocks  of  Wales,  that  the 
auriferous  deposits  of  Ballarat,  Castlemaine,  and  Sandhurst^  occur. 
In  the  upper  are  the  Ovens  district,  the  Buckland  and  Harriet- 
ville.  Again,  to  the  latter  belong  the  picturesque  alpine  districts, 
and  to  the  former,  the  extensive  plains  diversified  by  low  rounded 
hills. 

While  there  is  a  general  similiarity  in  the  mode  of  occurrence  of 
the  gold,  there  are  also  some  interesting  differences  in  the  habits  of 
the  quartz-lodes  in  the  two  horizons.  The  auriferous  deposits  are 
found  traversing  certain  defined  belts,  which  have  a  general  strike 
20^  to  30^  west  of  north.  These  parallel  belts  contain  veins  of 
quartz  which  conform  to  the  general  strike,  and  which,  like  the  belts 
themselves,  are  separated  by  barren  portions  of  country.  My  ob- 
servations lead  me  to  believe  that  the  gold-veins  of  the  Lower  Si- 
lurian are  more  often  conformable  to  the  stratification,  while  those 
of  the  Upper  are  more  frequently  true  fissures,  traversing  the  country 
at  an  angle  to  the  l)eddiug.  R.  A.  F.  Murray,  the  government 
geologist,  has  noted  that  while  the  quartz-reefs  in  the  Upper  Silurian 

*  Page  33  of  the  book  mentioned  in  the  preceding  note. 

t  A.  R.  G.  Selwyn,  formerly  head  of  the  Geological  Survey  of  Victoria,  and  now 
occupying  a  similar  position  under  the  Canadian  government. 

{  The  fossils  most  common  in  the  rocks  at  Sandhurst,  are  graptolites,  particularly 
iUllatUBf  exUnsuB  and  IripedeSf  together  with  Serttdaria  magna  and  vergaia,  Didymo- 
grapsus  fnUieosuBf  and  Phyllografmis  folium.  In  the  weathered  slate-beds  they  are 
easily  found,  but  underground  the  dark  color  of  the  rock,  and  the  development  of 
fine  cleavage  renders  them  difficult  of  recognition. 
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may  be  fewer  in  number  and  smaller  in  size,  they  have,  on  the  other 
hand,  considerably  exceeded  hitherto,  in  their  average  yield  of  gold, 
the  reefs  in  the  lower  division.*  It  seems  probable,  however,  that 
the  smaller  number  of  discovered  reefs  in  the  upper  horizon  is 
largely  due  to  the  more  mountainous  and  less  accessible  character  of 
the  country  in  which  they  occur.  In  the  few  districts,  such  as 
Bright  and  the  Buekland,  where  there  has  been  any  considerable 
amount  of  prospecting  in  the  rocks  of  this  division,  large  numbers 
of  parallel  veins  have  been  exposed.  Their  greater  yield  per  ton 
is  accounted  for  by  the  fact  that  the  ores  of  the  mines  in  the  Upper 
Silurian  are  frequently  so  charged  with  sulphides  as  to  come  under 
the  "refractory"  class,  necessitating  the  working  of  ore  of  higher 
tenor  than  is  required  in  the  Lower  Silurian,  where  the  quartz  is 
usually  of  the  simplest  "free-milling"  type.  This  difference  will 
also  serve  to  explain  the  circumstance,  mentioned  by  the  govern- 
ment geologist,  that  all  the  largest  nuggets  obtained  in  the  alluvial 
mines  of  Victoria  have  been  found  where  Lower  Silurian  rocks 
prevail. 

The  Bendigo  district  consists,  broadly  speaking,  of  a  belt  of  sand- 
stones and  slates  of  Lower  Silurian  age,  abutting  to  the  south  and 
west  against  the  granite  of  the  Mt.  Alexander  ranges  and  overlain 
to  the  north  and  northeast  by  the  shales  of  the  Pliocene.  The  most 
marked  characteristic  of  these  sandstone  and  slate  beds  is  the  extreme 
bending,  folding,  and  contortion  which  they  have  undergone, 
accompanied,  as  might  be  expected,  by  a  varying  amount  of  fissuring 
and  faulting.  The  anticlinal  and  synclinal  undulations  are  often 
remarkably  sharp  and  exhibit  every  gradation  in  extent,  from  a  few 
feet  to  miles,  from  a  hand-specimen  to  those  larger  corrugations  of 
the  earth's  crust  which  geologists  name  "  ge-synclines"  and  "ge- 
anticlines." The  main  anticlinal  axes  strike  N.  N.  W.  and  S.  S.  E., 
but  there  are  also  transverse  undulations  which  further  complicate 
the  geological  structure. 

The  Reefs. 

The  quartz  reefs  or  lodesf  conform  to  these  folds  in  the  oountry- 

*  The  returns  show  that  the  average  yield  per  tun  is  as  follows : 

Upper  Silarian,  Beech  worth,  13  dwts.  23  grs.,  Gippsland  15  dwts.  21  grs. 

Lower  Silurian,  Ballarat,  7  dwts.  21  grs.,  Bendigo,  9  dwts.  5  grs. 

t  The  Australian  calls  a  quartz  lode  or  vein  a  "  reef"  the  Califomian  a  "  ledge," 
while  in  Colorado  the  word  "crevice"  often  does  similar  duty.  Throughout  this 
article  I  shall  often  use  the  colonial  mining  terms,  since  they  are  usually  expressive 
and  it  would  be  difficult  to  find  other  names  that  are  not  also  local. 
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rock^  that  is,  the  ore-deposits  lie  between  and  along  the  beds  of  slate 
and  sandstone,  the  anticlinal  axes  of  which  form  the  apex  or  cap  of 
the  qnartz-formations,  which  are  thus  known  as  "  saddles,"  while 
the  lower  portions,  called  the  "  legs,"  similarly  dip  east  and  west 
with  the  inclosing  strata.  In  like  manner,  in  the  direction  of  their 
strike,  the  quartz-formations'*'  pitch  Qorth  and  south  conformably  to 
the  longitudinal  undulations  produced  in  the  anticlinal  axes  by  the 
transverse  folds  mentioned  above. 

The  "  saddle-reef"  is  the  distinctive  ore-deposit  of  the  Sandhurst 
mines.  The  references  to  this  most  beautiful  type  of  ore-deposit  to 
be  found  among  the  works  relating  to  the  distribution  and  extraction 
of  the  precious  metals,  are  both  meager  and  inaccurate.  In  the 
Colonies,  it  is  true,  one  hears  a  great  deal  of  these  ''  Sandhurst  sad- 
dles," such  references  being,  however,  for  the  most  part  very  vague 
and  incorrect.  In  other  mining  districts,  in  the  neighboring  colo- 
nies of  New  South  Wales,  Queensland,  etc.,  the  writer  has  often 
heard  this  or  that  mine  spoken  of  as  containing  '^a  saddle,  just  like 
those  of  Sandhurst."  On  examination  these  proved  in  every  case  to 
be  different  forms  of  the  ordinary  junction  of  two  lodes,  not  true  an- 
ticlines, producing  however  bodies  of  quartz  which  the  old  Bendigo 
digger  would  promptly  label  as  "saddles,'*  for  the  sake,  perhaps,  of 
atUd  lang  syne.  1  was  beginning  to  fear  that  the  saddle-reef  as  a 
distinct  formation  did  not  exist  at  all,  even  at  Sandhurst,  until 
underground,  at  the  New  Chum 'and  Victoria  mine,  I  saw  for  the 
first  time  a  type  of  ore-deposit  which  is  perhaps  the  most  interesting 
of  the  many  forms  in  which  gold  is  known  to  occur.  I  remember 
well  my  delight  in  recognizing  the  peculiar  character  of  the  lodes, 
also  my  disappointment  on  finding  that  the  "west  legs"  did  not 
conform  to  the  bedding,  and  then  finally  my  relief  when  I  saw  that 
in  the  latter  observation  I  had  confounded  bedding  and  cleavage. 
The  cleavage  in  some  parts  of  the  field  is  so  strong  as  to  obliterate 
the  bedding ;  and  it  is  by  reason  of  this  fact  that  so  many  observers 
have  gone  astray.  In  what  is  practically  the  only  authority  dealing 
with  Victorian  mining — Brough  Smyth's  Gold-Fields  of  Victoria — 
there  is  a  lamentable  confusion  upon  this  point.  The  difficulty  is 
further  increased  by  the  fact  that  there  are  "false  saddles,"  one  leg 

*  In  the  mines,  the  words  "pitch,"  "dip,"  "underlay,"  etc.,  are  used  indis- 
criminately. I  shall  always  use  '^dip  "  to  express  the  angle* with  the  horizon,  east 
or  west,  made  by  the  beds  of  the  country  or  the  reefs  which  are  conformable  to 
them.  "  Pitch  "  will  be  used  to  describe  the  inclination  north  or  south  along  the 
strike  of  the  quartz- format  ions. 
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of  which  conforms  to  the  strati fication^  while  the  other  follows  a 
joint  or  some  other  cross-fracture  in  the  country.  Figs.  2  and  3  (pp. 
467  and  469),  illustrate  the  simplest  type  of  true  and  false  saddles. 
In  both  cases  the  bedding-planes  are  indicated,  while,  to  avoid  con- 
fusion, the  lines  of  cleavage  are  omitted.  In  Fig.  2,  A  would  be 
called  the  cap  or  apex,  B  the  west  leg,  and  C  the  east  leg.  A  cross- 
cut passing  through  D  would  be  said  to  be  in  "center-country  ;*'  ns 
soon  as  the  dip  of  the  beds  became  distinctly  east  or  west  the  cross- 
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NEW  CHUM  CONSOLIDATED  MINE. 

cut  would  have  penetrated  into  "  east "  or  "  west  country."  In  Fig. 
3,  A  A  illustrates  a  fissure,  sometimes  a  fault,  sometimes  only  a 
joint ;  D  D  is  the  ore  formed  along  this  line  of  fissure,  while  B  is 
the  body  of  quartz  formed  at  its  junction  with  the  bedding-plane 
C  C,  which  carries  another  vein  of  quartz.  When  a  formation  like 
this  is  further  complicated  by  a  few  minor  faults  and  the  develop- 
ment of  a  strong  slaty  cleavage  at  varying  angles,  it  is  very  diffi- 
cult to  determine  correctly  the  true  facts  of  the  case ;  and  the  quartz- 
body  may  be  mistaken  for  a  true  saddle,  that  is,  an  anticline  of 

quartz. 
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The  mines  are  located  along  the  various  "  lines  of  reef,"  which 
are  coincident  with  the  surface-exposure  of  the  quartz  formed  along 
the  anticlinal  axes.  The  general  dip  of  the  country  (as  distinguished 
from  that  of  the  individual  beds  comprising  it)  is  eastward;  or,  as 
the  miners  put  it,  "  center-country  dips  east."  The  following  state- 
ment illustrates  this  point.  Three  mines  (they  happen  to  be  three 
famous  producers)  are  taken  approximately  opposite  each  other  on 
the  three  great  lines  of  reef — the  New  Chum,  the  Garden  Gully,  and 
the  Hustlers.  In  the  accompanying  table,  the  third  column  gives 
the  average  strike  of  the  anticline  which  forms  the  '^  line  of  reef," 
and  the  fourth  the  pitch  of  the  quartz-formation  at  the  depths  indi- 
cated in  the  brackets.  The  last  column  gives  the  dip  of  ''  center- 
country  "  as  determined  from  the  figures  given  in  columns  5  to  8. 
Taking  the  saddle  as  similar  to  the  roof  of  a  house,  the  third  column 
gives  the  angle  which  the  ridge  makes  with  the  meridian;  the  fourth, 
the  angle  "with  the  plane  of  the  horizon;  and  the  last  column,  the  in- 
clination of  its  axis  when  it  is  slightly  tilted  to  one  side. 


Tabk  ahomng  the  Principal  Features  of  the  Main  Saddle-Formations. 


Shaft. 

1 

o 

3 

■ 

M 

•c 

5 

Average  pitch 
of  formation. 

• 

.a 
p. 

s 

560 
140 
200 

Distance  of 

center-country 

from  Shaft 

i 

2500 
2160 
1800 

Distance  of 

center-country 

from  Shaft. 

5 

"180"  Mine 

Victory  and  Pandora 
Ot.  Ex.  Hustlers 

New  Cham... 
Garden  Gully 
Hustleni 

21*' W.  OfN. 
25<'W.ofN. 
ajOW  OfN. 

1  in  6  (at  2500  fl.) 
1  in  6  (at  650  ft.) 
1  in  5  (at  1800  ft.) 

65ft.W. 

9  "   •' 

80  "    " 

70ft.E. 
130  '•  " 
160"  " 

linl4 

lin15>^ 

lines 

At  the  "180"  mine,  for  instance,  the  strike  of  the  New  Chum 
formation  is  21°  W.  of  N.,  the  pitch  of  the  saddle  at  the  2600-foot 
level  is  northward  1  in  6,  the  dip  of  center-country  is  east  about  1 
in  14.  The  last  is  determined  thus:  at  the  560-foot  cross-cut  the 
center  country  is  65  feet  west  of  the  shaft,  while  at  the  2500  it  is 
70  feet  east  of  the  shaft,  so  that  it  has  travelled  eastward  135  feet 
in  about  1940  feet,  the  general  dip  of  the  country  having  taken  from 
one  side  to  the  other  of  this  particular  shaft  the  series  of  beds  inter- 
sected by  it.  The  ideal  section.  Fig.  4  (p.  471),  represents  the  structure, 
and  shows  how,  the  general  trend  of  the  country  being  to  the  east,  any 
one  of  the  deep  mine-workings  will  intercept,  in  succession,  many 
saddles,  some  of  which  will  prove  gold-bearing  and  some  barren. 
It  will  be  understood  that  only  the  gold-bearing  ones  of  the  series 
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are  developed  in  a  manner  permitting  their  proper  examination. 
One  mine  may  liave  only  two  gold-bearing  saddles,  while  another 
may  have  exposed  a  dozen  or  more.*  As  soon  as  one  formation  has 
been  worked  out,  when  the  legs  intercepted  by  the  deeper  croffl-cuts 
are  found  to  become  too  small  or  too  poor  for  profit,  prospecting  ia 
renewed  until  another  gold-bearing  saddle  is  cut.  Its  apez  may 
occur  between  the  lower  portions  of  the  legs  of  the  last  saddle  or  it 
may  not  be  found  for  200  or  300  feet  deeper.  Deeper,  not  further 
east  or  west  OD  the  same  horizon  ;  for  the  working  of  the  mine  has 
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shown  that  a  gold-bearing  succession  of  saddles  will  go  down  in 
step-like  gradations,  each  succeeding  one  being  slightly  eastward  of 
theoneaboveit(seeFig.  5,  p.  473).  This  simplicity  of  arrangement  is, 
of  course,  much  complicated,  sometimes  utterly  destroyed,  by  faulting, 
and  by  the  formation  of  irregular  bodies  of  quartz  that  may  be  rec- 
ognized occasionally  as  imperfect  saddles. 

*  In  the  New  Cliiioi  euhI  Vicloria  mine,  for  InUsnce,  as  many  m  30  saddles 
have  been  pnssect  through  from  the  Burlace  to  2300  feel.  In  the  "  l!iO  "  mine,  five 
have  been  discovered  and  explored,  of  which  number  three  have  proved  profilahly 
auriferoDS. 
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As  would  be  expected  by  the  geologist,  these  anticlines  alternate 
with  synclinal  undulations ;  but  this  fact  has  been  recognized  by  few 
of  those  engaged  in  the  development  of  the  field,  though  it  is  a  point 
of  paramount  importance  to  the  proper  conception  of  the  mode  of 
occurrence  of  the  quartz.  The  explanation  of  this  matter  is  that 
exploration  has  been  confined,  particularly  in  the  deep  mines  on  the 
New  Chum  reef,  to  a  narrow  strip  of  country  in  the  immediate 
vicinity  of  the  great  anticlinal  axes;  and,  though  it  is  known  that 
quartz  lodes  occur,  for  instance,  between  the  New  Chum  and  Grarden 
Gully  lines,  these  "  side-lines,"  as  they  are  called,  have  been 
neglected^'*'  and  it  is  in  that  portion  of  the  country  that  the  synclines 
would  be  situated.  Where  extensive  faulting  has  taken  place,  these 
synclines  are  to  be  seen  in  the  workings  of  some  of  the  mines  on  the 
main  ^'  lines  of  reef."  In  the  Confidence  Extended,  for  instance,  I 
ol>8erved  some  small  "  inverted  saddles,"  as  also  in  the  Hercules  and 
Energetic.  In  both  cases  there  is  reason  to  believe  that  a  dislocation 
has  brought  a  portion  of  the  west  country  into  line  with  one  of  the 
chief  anticlinal  axes,  in  the  one  case  the  Garden  Gully,  in  the  other 
the  New  Chum.  A  good  instance  of  the  more  frequent  occurrence 
of  "  inverted  saddles  "  is  presented  by  the  Great  Britain  mine,  located 
on  the  Carshalton  reef,  a  "  side-line  "  west  of  the  New  Chum.  Fig. 
6  (p.  475)  illustrates  it. 

The  distribution  of  the  gold  in  the  quartz  of  the  saddle-reefs 
shows  great  variations.  In  a  given  formation  in  one  mine  the  cap 
or  a  portion  of  the  cap  only  will  pay,  while  on  the  same  formation 
in  a  neighboring  claim  the  cap  and  west  leg  may  yield  good  returns, 
or  again  both  legs  may  prove  gold-bearing  while  the  cap  is  barren. 
The  quartz-bodies  do  not  extend  uninterruptedly  along  their  strike ; 
their  continuity  is  broken  by  overlappings  or  disturbed  by  faults. 
Different  local  changes  in  the  structure  of  the  country  give  very 
different  shapes  to  the  enclosed  formations. 

The  most  extensive  ore-body  and  the  greatest  yield  of  gold  from 
any  one  formation  is  claimed  by  the  Grarden  Gully  line  from  a  saddle 
which  traversed  a  group  of  mines  (of  which  the  Garden  Gully 
United  and  the  Victory  and  Pandora  were  the  chief  producers),  at 

*  Since  writing  the  abo^e,  and  during  a  later  visit  to  Sandhurst,  I  learn  that  the 
recent  legislation  as  to  mining  on  private  property,  together  with  the  notable  suc- 
cess of  the  New  Red,  White  and  Blue  Consolidated,  which  is  on  a  ^'side  line''  (the 
Sheepshead),  has  caused  the  beginning  of  active  exploration  on  these  subsidiary 
formations,  this  exploration  being  due,  as  has  often  been  the  case  in  this  gold-field, 
to  the  enterprise  of  Mr.  Lansell. 
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a  depth  of  from  600  to  700  feet  from  the  surface.  In  the  Garden 
Gully  United  alone,  it  was  worked  for  646  yards  along  the  strike 
during  14  years,  and  yielded  13  tons  of  gold.  For  continuous  pro- 
ductiveness, most  numerous  succession  of  gold-bearing  formations, 
and  greatest  underground  development,  the  New  Chum  ranks  first. 
One  can  walk  underground  from  the  Victoria  Consols  to  Golden 
Square,  through  the  continuous  workings  of  21  mines,  at  a  depth  of 
from  1800  to  2000  feet,  for  a  distance  of  2  miles.  The  average  num- 
ber of  "payable"  saddles  in  any  one  mine  on  the  New  Chum  line 
from  the  surface  to  2000  feet,  would  be  not  far  short  of  ten ;  on 
the  Garden  Gully  the  gold  has  been  practically  confined  to  two  for- 
mations. The  Hustlers  line  had  its  greatest  development  in  the 
Great  Extended  Hustlers,  the  Hustlers,  and  the  United  Hustlers  and 
Redan.  It  has  been  worked  less  extensively  than  the  other  two  main 
lines  of  reef;  but  its  known  extent  is  great,  and  it  should  prove  an 
important  producer  in  years  to  come.  Of  the  various  formations  to 
be  seen  in  the  mines  of  Sandhurst  at  the  time  of  my  inspection,  the 
largest,  most  extensive,  and  most  profitable  was  that  on  the  New 
Chum  lode  between  the  New  Chum  railwav  and  the  "  180  "  mine. 
It  extended  through  14  different  claims  (see  Fig.  7,  p.  477),  a  distance 
of  2400  yards,  and  was  intercepted  at  depths  which  varied  from  1600 
to  2400  feet.  I  saw  the  development  of  this  formation  in  six  of  the 
mines  through  which  it  passed,  and,  with  the  aid  of  drawings  repro- 
duced from  sketches  made  underground,  I  will  endeavor  to  describe 
the  different  modes  of  its  occurrence. 

The  Shenandoah  Mine. 

The  most  southerly  mine  on  this  great  body  of  gold-bearing 
quartz  is  the  New  Chum  Railway,  which,  on  account  of  the  good 
returns  obtained  from  this  formation  at  2026  feet  depth,  is  often 
quoted  in  the  Colonies  as  an  example  of  deep  gold-mining.  From 
this  company's  ground  the  formation  rises  towards  the  Shenandoah, 
where  at  1990  feet*  the  west  leg  was  being  very  profitably  exploited 
at  the  time  of  my  visit.  In  the  breast  of  the  level  and  in  thestopes 
overhead,  the  reef  is  seen  to  be  notably  laminatedf  and  very  well 
defined.  As  the  cap  is  approached  the  walls  remain  as  before,  but 
the  quartz  becomes  broken,  dead-white  in  color,  and  with  a  splintery 


*  It  will  be  seen  that  between  the  New  Chum  Railway  and  the  Shenandoah,  the 
back  or  anticlinal  axis  of  the  formation  pitches  about  100  feet  in  600. 

t  In  Amador  county,  Cal.,  this  would  be  called  "ribbon-rock."  In  both  Cali- 
fornia and  Australia  such  a  structure  is  considered  a  favorable  sign. 
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may  be  fewer  in  number  and  smaller  in  size,  they  have,  on  the  other 
hand,  considerably  exceeded  hitherto,  in  their  average  yield  of  gold, 
the  reefs  in  the  lower  division.*  It  seems  probable,  however,  that 
the  smaller  number  of  discovered  reefs  in  the  upper  horizon  is 
largely  due  to  the  more  mountainous  and  less  accessible  character  of 
the  country  in  which  they  occur.  In  the  few  districts,  such  as 
Bright  and  the  Buckland,  where  there  has  been  any  considerable 
amount  of  prospecting  in  the  rocks  of  this  division,  large  numbers 
of  parallel  veins  have  been  exposed.  Their  greater  yield  per  ton 
is  accounted  for  by  the  fact  that  the  ores  of  the  mines  in  the  Upper 
Silurian  are  frequently  so  charged  with  sulphides  as  to  come  under 
the  "  refractory  "  class,  necessitating  the  working  of  ore  of  higher 
tenor  than  is  required  in  the  Lower  Silurian,  where  the  quartz  is 
usually  of  the  simplest  "  free-milling '^  type.  This  difference  will 
also  serve  to  explain  the  circumstance,  mentioned  by  the  govern- 
ment geologist,  that  all  the  largest  nuggets  obtained  in  the  alluvial 
mines  of  Victoria  have  been  found  where  Lower  Silurian  rocks 
prevail. 

The  Bendigo  district  consists,  broadly  speaking,  of  a  belt  of  sand- 
stones and  slates  of  Lower  Silurian  age,  abutting  to  the  south  and 
west  against  the  granite  of  the  Mt.  Alexander  ranges  and  overlain 
to  the  north  and  northeast  by  the  shales  of  the  Pliocene.  The  most 
marked  characteristic  of  these  sandstone  and  slate  beds  is  the  extreme 
bending,  folding,  and  contortion  which  they  have  undergone, 
accompanied,  as  might  be  ex()ected,  by  a  varying  amount  of  Assuring 
and  faulting.  The  anticlinal  and  synclinal  undulations  are  often 
remarkably  sharp  and  exhibit  every  gradation  in  extent,  from  a  few 
feet  to  miles,  from  a  hand-specimen  to  those  larger  corrugations  of 
the  earth's  crust  which  geologists  name  "  ge-synclines"  and  "ge- 
anticlines." The  main  anticlinal  axes  strike  N.  N.  W.  and  S.  S.  E., 
but  there  are  also  transverse  undulations  which  further  complicate 
the  geological  structure. 

The  Eeefs. 

The  quartz  reefs  or  lodesf  conform  to  these  folds  in  the  oountry- 


*  The  returns  show  that  the  average  yield  per  ton  is  as  follows  : 

Upper  Silurian,  Beech  worth,  13  dwts.  23  gre.,  Gippsland  15  dwts.  21  grs. 

Lower  Silurian,  Ballarat,  7  dwU.  21  grs.,  Bendigo,  9  dwts.  6  grs. 

t  The  Australian  calls  a  quartz  lode  or  vein  a  "  reef,"  the  Califomian  a  "  ledge," 
while  in  Colorado  the  word  ''crevice''  often  does  similar  duty.  Throughout  this 
article  I  shall  often  use  the  colonial  mining  terms,  since  they  are  usually  expressive 
and  it  would  be  difficult  to  find  other  names  that  are  n.ot  also  local. 
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rock,  that  is,  the  ore-deposits  lie  between  and  along  the  beds  of  slate 
and  sandstone,  the  anticlinal  axes  of  which  form  the  apex  or  cap  of 
the  qnartz-formations,  which  are  thus  known  as  ^'  saddles,"  while 
the  lower  portions,  called  the  "legs,'^  similarly  dip  east  and  west 
with  the  inclosing  strata.  In  like  manner,  in  the  direction  of  their 
strike,  the  quartz-formations*  pitch  north  and  south  conformably  to 
the  longitudinal  undulations  produced  in  the  anticlinal  axes  by  the 
transverse  folds  mentioned  above. 

The  "  saddle-reef"  is  the  distinctive  ore-deposit  of  the  Sandhurst 
mines.  The  references  to  this  most  beautiful  type  of  ore-deposit  to 
be  found  among  the  works  relating  to  the  distribution  and  extraction 
of  the  precious  metals,  are  both  meager  and  inaccurate.  In  the 
Colonies,  it  is  true,  one  hears  a  great  deal  of  these  ''  Sandhurst  sad- 
dles," such  references  being,  however,  for  the  most  part  very  vague 
and  incorrect.  In  other  mining  districts,  in  the  neighboring  colo- 
nies of  New  South  Wales,  Queensland,  etc.,  the  writer  has  often 
heard  this  or  that  mine  spoken  of  as  containing  ''a  saddle,  just  like 
those  of  Sandhurst."  On  examination  these  proved  in  every  case  to 
be  diflFerent  forms  of  the  ordinary  junction  of  two  lodes,  not  true  an- 
ticlines, producing  however  bodies  of  quartz  which  the  old  Bendigo 
digger  would  promptly  label  as  "saddles,"  for  the  sake,  i>erhaps,  of 
auld  lang  syne.  I  was  beginning  to  fear  that  the  saddle-reef  as  a 
distinct  formation  did  not  exist  at  all,  even  at  Sandhurst,  until 
underground,  at  the  New  Chum 'and  Victoria  mine,  I  saw  for  the 
first  time  a  type  of  ore-deposit  which  is  i)erhaps  the  most  interesting 
of  the  many  forms  in  which  gold  is  known  to  occur.  I  remember 
well  my  delight  in  recognizing  the  peculiar  character  of  the  lodes, 
also  my  disappointment  on  finding  that  the  "west  legs"  did  not 
conform  to  the  bedding,  and  then  finally  my  relief  when  I  saw  that 
in  the  latter  observation  I  had  confounded  bedding  and  cleavage. 
The  cleavage  in  some  parts  of  the  field  is  so  strong  as  to  obliterate 
the  bedding ;  and  it  is  by  reason  of  this  fact  that  so  many  observers 
have  gone  astray.  In  what  is  practically  the  only  authority  dealing 
with  Victorian  mining — Brough  Smyth's  Gold-Fields  of  Victoria — 
there  is  a  lamentable  confusion  upon  this  point.  The  difficulty  is 
further  increased  by  the  fact  that  there  are  "false  saddles,"  one  leg 

*  In  the  mines,  the  words  "pitch,"  '*dip,"  "underlay,"  etc.,  are  used  indis- 
criminately. I  shall  always  use  "  dip  "  to  express  the  angle'with  the  horizon,  east 
or  west,  made  by  the  beds  of  the  country  or  the  reefs  which  are  conformable  to 
them.  "  Pitch  "  will  be  used  to  describe  the  inclination  north  or  south  along  the 
strike  of  the  quartz-formations. 
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of  which  conforms  to  the  stratification^  while  the  other  follows  a 
joint  or  some  other  cross-fracture  in  the  country.  Figs.  2  and  3  (pp. 
467  and  469),  illustrate  the  simplest  type  of  true  and  false  saddles. 
In  both  cases  the  bedding-planes  are  indicated,  while,  to  avoid  con- 
fusion, the  lines  of  cleavage  are  omitted.  In  Fig.  2,  A  would  be 
called  the  cap  or  apex,  B  the  west  leg,  and  C  the  east  leg.  A  cross- 
cut passing  through  D  would  be  said  to  be  in  "center-country  ;*'  ns 
soon  as  the  dip  of  the  beds  became  distinctly  east  or  west  the  cross- 
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NEW  CHUM  CONSOLIDATED  MINE. 

cut  would  have  penetrated  into  "  east "  or  "  west  country."  In  Fig. 
3,  A  A  illustrates  a  fissure,  sometimes  a  fault,  sometimes  only  a 
joint ;  D  D  is  the  ore  formed  along  this  line  of  fissure,  while  B  is 
the  body  of  quartz  formed  at  its  junction  with  the  bedding-plane 
C  C,  which  carries  another  vein  of  quartz.  When  a  formation  like 
this  is  further  complicated  by  a  few  minor  faults  and  the  develop- 
ment of  a  strong  slaty  cleavage  at  varying  angles,  it  is  very  diffi- 
cult to  determine  correctly  the  true  facts  of  the  case ;  and  the  quartz- 
body  may  be  mistaken  for  a  true  saddle,  that  is,  an  anticline  of 

quartz. 

vol*.  XX.-— 81 
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The  mines  are  located  along  the  various  '^  lines  of  reef/'  which 
are  coincident  with  the  surface-exposure  of  the  quartz  formed  along 
the  anticlinal  axes.  The  general  dip  of  the  country  (as  distinguished 
from  that  of  the  individual  beds  comprising  it)  is  eastward ;  or,  as 
the  miners  put  it,  *^  center-country  dips  east."  The  following  state* 
ment  illustrates  this  point.  Three  mines  (they  happen  to  be  three 
famous  producers)  are  taken  approximately  opposite  each  other  on 
the  three  great  lines  of  reef — the  New  Chum,  the  Garden  Gully,  and 
the  Hustlers.  In  the  accompanying  table,  the  third  column  gives 
the  average  strike  of  the  anticline  which  forms  the  "  line  of  reef," 
and  the  fourth  the  pitch  of  the  quartz-formation  at  the  depths  indi- 
cated in  the  brackets.  The  last  column  gives  the  dip  of  '^  center- 
country  "  as  determined  from  the  figures  given  in  columns  5  to  8. 
Taking  the  saddle  as  similar  to  the  roof  of  a  house,  the  third  column 
gives  the  angle  which  the  ridge  makes  with  the  meridian;  the  fourth, 
the  angle  *with  the  plane  of  the  horizon;  and  the  last  column,  the  in- 
clination of  its  axis  when  it  is  slightly  tilted  to  one  side. 


Table  showing  the  Principal  Features  of  the  Main  Saddle- Formations, 


Shaft. 

1 

o 

a 
•-1 

6 

s 
1 

Average  pitch 
of  formation. 

> 

X3 

«.> 
A 

560 
140 
200 

Distance  of 

center-country 

fh)m  Shaft. 

Depth. 

Distance  of 

center-country 

from  Shaft. 

Average  dip. 

"180"  Mine 

Victory  and  Pandora 
Gt.  Ex.  Hustlers 

New  Chum... 
Garden  Gully 
Hustlers 

21<»W.ofN. 
250  W.  OfN. 
a^oW  OfN. 

1  in  6  (at  2500  ft.) 
1  In  6  (at  650  ft.) 
1  in  5  (at  1800  ft.) 

65ft.W. 

9  "   " 

80  "   " 

— 
2500 

2160 

1800 

1 

70  ft.E. 
130  "  •• 
160  "  " 

linH 
1  in 15>^ 
1  in  6>i  1 

At  the  "180"  mine,  for  instance,  the  strike  of  the  New  Chum 
formation  is  21°  W.  of  N.,  the  pitch  of  the  saddle  at  the  2500-foot 
level  is  northward  1  in  6,  the  dip  of  center-country  is  east  about  1 
in  14.  The  last  is  determined  thus:  at  the  560-foot  cross-cut  the 
center  country  is  65  feet  west  of  the  shaft,  while  at  the  2500  it  is 
70  feet  east  of  the  shaft,  so  that  it  has  travelled  eastward  135  feet 
in  about  1940  feet,  the  general  dip  of  the  country  having  taken  from 
one  side  to  the  other  of  this  particular  shaft  the  series  of  beds  inter- 
sected by  it.  The  ideal  section.  Fig.  4  (p.  471),  represents  the  structure, 
and  shows  how,  the  general  trend  of  the  country  being  to  the  east,  any 
one  of  the  deep  mine-workings  will  intercept,  in  succession,  many 
saddles,  some  of  which  will  prove  gold-bearing  and  some  barren. 
It  will  be  understood  that  only  the  gold-bearing  ones  of  the  series 
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are  developed  in  a  manner  permitting  their  proper  examinstion. 
One  mine  may  have  only  two  gold-bearing  saddles,  while  another 
may  have  exposed  a  dozen  or  more.*  As  soon  as  one  formation  has 
l)een  worked  oat,  when  the  I^  intercepted  by  the  deeper  croea-cuts 
are  found  to  become  too  smalt  or  too  poor  for  profit,  prospecting  is 
renewed  until  another  gold-bearing  saddle  is  cut.  Its  apex  may 
occur  between  the  lower  portions  of  the  legs  of  the  last  saddle  or  it 
may  not  be  found  for  200  or  300  feet  deeper.  Deeper,  not  further 
east  or  west  on  the  same  horizon  ;  for  the  working  of  the  mine  has 
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222  >ND  LAZARUS  MINES. 
shown  that  a  gold-bearing  succession  of  saddles  will  go  down  in 
step-like  gradations,  each  succeeding  one  being  slightly  eastward  of 
the  oneabove  it  (see  Fig.  5,  p.  473),  This  simplicity  of  arrangement  is, 
of  course,  much  complicated,  eometimes  utterly  destroyed,  by  faulting, 
and  by  the  formation  of  irregular  bodies  of  quarts  that  may  be  rec- 
ognized occasionally  as  imperfect  saddles. 

■  In  the  New  Chiiin  and  Viclori&  mine,  fur  Inslance,  as  many  hr  30  saddlea 
have  beeo  pnsaed  through  from  ihe  surfaoe  to  2300  feet.  In  llie  "  ISO  "  mine,  five 
have  been  dUcovered  and  explored,  of  which  number  three  have  proved  proGlablj 
aariferoua. 
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The  North  Old  Chum  Mine. 

Next*  to  the  Lazarus,*  is  the  Old  Chum,  which  I  did  not  visit, 
and  then  follows  the  New  Chum  and  Victoria,  which  was  not 
deep  enough t  to  cut  the  formation  which  we  have  been  following 
through  the  different  mines.  Then  follows  the  North  Old  Chum, 
where,  at  2290  feet,  the  main  formation  has  been  profitably  devel- 
oped. A  cross-cut  at  that  depth  cut  the  west  leg  at  70  feet  from  the 
shaft,  and  45  feet  further  intercepted  the  east  leg.  A  lava  dike 
about  4  inches  wide  is  seen  24  feet  east  of  the  west  leg.  The  west 
reef  has  been  driven  upon  for  about  20  feet  each  way.  In  the 
north  end  it  was  8  feet  wide,  with  clean  walls,  carrying  coarse;];  gold, 
easily  visible  in  the  quartz  which  had  the  same  dead-white  color 
and  curious  fracture  as  that  of  the  Lazarus.  There  were  to  be  seen 
patches  of  mineral  (mostly  arsenicsil  pyrites)  arranged  along  the  black 
lines  formed  by  some  included  slate.  From  this  drifl,  during  my 
stay  in  Sandhurst,  was  broken  stone  which  gave  ^'  the  deepest  divi- 
dends ''  on  record  for  the  Southern  hemisphere.§ 

In  the  south  end  the  lode  was  smaller,  as  would  be  expected,  since 
the  saddle  pitches  north.  The  width  was  2  feet  in  the  face,  and  the 
back  of  the  level  showed  coarse  gold,  the  quartz  being  similar  to  that 
of  the  north  drift  and  accompanied  by  2  inches  of  black  clay  or 
"dig."  The  hanging-wall,  as  heretofore  in  the  other  mines,  is  seen 
to  be  slate,  while  immediately  under  the  foot- wall  there  is  "cordu- 
roy" or  closely  alternating  thin  beds  of  sandstone  of  varying  hard- 
ness and  composition.  Near  the  lode  the  country  shows  coarse 
pyrites,  arranged  with  no  apparent  regularity. 

The  east  leg  had  not  been  driven  upon  when  I  saw  it;  but  since 
then  it  has  been  developed  and  has  given  good  stone. 

When  the  north  drift  from  the  2290-foot  level  in  the  North  Old 
Chum  has  been  driven  300  feet  further,  it  will  connect  with  the 
2300-foot  level  in  Lansell's  "  180"  mine,||  the  deepest  in  Australia. 

*  1  take  this  opportunity  to  thank  the  mine-manager,  Mr.  T.  Whitford,  for  his 
courtesy  in  taking  me  through  the  workings. 

t  Since  my  visit  the  shi^ft  has  been  sunk  and  the  reef  cut  at  2260  feet 

X  The  coarse  character  of  the  gold  is  indicated  by  the  yield  of  223  oz.  of  gold 
from  only  341  oz.  of  amalgam. 

2  For  the  week  ending  September  13, 1890,  it  yielded  223  oz.  9  dwts.  from  141 
tons,  which  result  enabled  a  sixpenny  dividend  to  be  paid.  The  depth  was  2290 
feet. 

II  The  opportunity  is  offered  me  in  this  connection  to  express  my  great  obliga* 
tions  to  Mr.  George  Lansell,  the  man  who  has  done  most  to  develop  the' Sandhurst 
district,  for  assistance  given  me  in  visiting  the  mines,  as  well  as  for  valuable 
information  regarding  mining  and  milling  on  the  gold-field. 
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The  "180''  Mine. 

In  this  mine  the  crown  or  cap  of  the  saddle  is  cut  by  the  2200-foot 
cross-cut,  80  feet  east  from  the  shaft,  showing  a  width  of  12  feet  of 
quartz.  At  43  feet  a  dike  is  cut.  In  the  2300-foot  cross-cut  the 
west  leg  is  cut  at  58  feet,  while  the  east  leg  is  seen,  broken  up  and 
irregular,  at  130  feet.  The  dike  is  cut  at  56  feet.  In  the  2400- 
foot  cross-cut  the  west  leg  is  8  feet  east  of  the  shaft  and  the  dike  46 
feet.  In  the  2500-foot  cross-cut  this  formation  has  not  been  cut,  but 
the  west  leg  of  another  saddle  is  found  at  48  feet  east,  the  correspond- 
ing east  leg  being  at  81  feet.  The  dike  is  at  58  feet.  In  the  2600- 
foot  cross-cut  the  same  dike  occurs  at  56  feet.  The  cross-section  (Fig. 
14,  p.  485)  illustrates  these  formations.     The  dikes,  one  of  which 


Fig.  35. 
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Fault  as  Seen  in  the  North  End  of  the  1280- Foot  Level  of  the  Johnson's  Mine. 


is  shown  in  the  section,  are  a  most  important  and  interesting  feature 
of  the  mining  at  Sandhurst,  and  will  be  referred  to  frequently. 

In  the  "  180"  mine  we  see  the  furthest  northern  development  of 
the  great  saddle  which  we  have  followed  through  several  mines  and 
which  is  first  cut  by  the  New  Chum  Railway.  In  the  "  180 ''  mine 
it  has  not  been  opened  up  much ;  but  at  2400  feet,  in  the  south 
level,  it  forms  the  deepest  gold-bearing  quartz  now  worked  in  the 
Colonies.  The  west  leg,  the  only  portion  of  the  formation  which  ia 
worked  at  present,  shows  about  1  foot  of  very  beautifully  laminated 
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quartz.  The  quartz  is  brittle  and  flaky,  the  gold  coarse  and  associ- 
ated with  a  good  percentage  of  iron  pyrites  and  zinc-blende.  On 
the  hanging- wall  there  is  a  black  graphitic  slate  which  carries  a  note- 
worthy amount  of  mundic.  The  foot-wall  shows  cross-joints  about 
30  inches  apart  and  nearly  al  right  angles  to  the  strike.  The  coun- 
try is  "corduroy,"  similar  to  that  noted  in  the  North  Old  Chum, 
and  carries  pyrites  near  the  reef.  The  cleavage  is  highly  developed, 
and  to  the  east  (about  60  feet)  in  the  cross-cut,  it  obliterates  the 
liedding,  though  the  latter  is  to  be  distinguished  with  difficulty  to 
the  east  near  the  east  leg  and  to  the  west  near  the  west  leg.  Be- 
tween them  the  country  is  broken  up  and  penetrated  by  the  dike, 
which  has  a  slight  easterly  dip. 

The  illustrations  represent  other  interesting  features  of  the  "  180  " 
mine.  Fig.  15  (p.  485)  shows  the  point  where  the  lava  dike,  alK)ut  8 
inches  wide,  strikes  the  top  of  the  saddle  above  the  2500-foot  level. 
The  arrows  indicate  the  bedding ;  the  slanting  lines,  the  cleavage ;  E 
is  disordered  country.  The  dike  T  appears  to  be  cut  off,  but  it  finds 
a  passage  in  a  plane  other  than  that  in  which  the  section  is  taken. 
A  is  broken  sandy  rock.  O  and  C  are  fragments  of  the  cap.  Fig.  16 
(p.  486)  is  taken  in  center-country  at  the  2500-foot  level.  The  dike  T 
(here  10  inches  wide)  cuts  through  the  spurs  preparatory  to  taking 
a  more  regular  course  conformable  to  the  bedding.  In  Fig.  14, 
already  referred  to,  the  dark  line  indicates  the  dike,  which,  though 
it  rarely  exceeds  9  inches  in  width,  has  been  traced  through  the 
half-mile  of  workings  from  the  surface  down.  It  can  l)e  seen  in  the 
2600-foot  cross-cnt  and  it  is  a  noticeable  feature  of  a  surface  cutting, 
a  sketch  of  which  is  reproduced  in  Fig.  63  (p.  627).  Fig.  17  (p.  486) 
shows  the  dike  T  where  it  forms  a  division  in  the  quartz  of  the  west 
leg  (of  the  2600-foot  saddle)  and  carries  included  pieces  of  quartz,  D. 
In  this  figure  B  is  slate,  A  is  slaty  sandstone,  and  C  is  quartz.  Fig. 
18  (p.  485)  shows  a  fault,  the  throw  of  which  is  about  7  inches,  as 
seen  in  the  2400-foot  level.     The  sketch  explains  itself. 

The  underground  workings  of  this  very  interesting  mine*  have  un- 
covered five  saddles,  of  which  the  one  at  the  2400-foot  level  is  the  third 
"  payable"  one.  The  other  formations  were  cut  at  660,  1660, 2000 
and  2200  feet  respectively.  The  east  leg  of  the  2400-foot  formation 
is  the  longest  east  leg  in  the  mine,  40  feet.  The  longest  west  leg 
was  worked  from  the  1600-  to  the  1870-foot  level.     The  cap  of  the 


*  Mr.  James  Northcote^  the  mine-manager,  gave  me  a  great  deal  of  this  informa- 
tion and  in  many  other  wajs  assisted  me  in  my  examination  of  the  gold-field. 
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560-foot  saddle  was  the  most  payable  portion  of  that  particular 
formation.  The  east  leg  was  short-lived,  the  quartz  pinching,  while 
the  wall  or  "  back  "  continued.  Generally  speaking,  the  west  legs 
are  the  strongest  and  most  auriferous  in  this,  as  in  most  of  the 
saddles  of  the  New  Chum  line  of  reef.  No  considerable  body  of 
gold-bearing  stone  has  been  worked  below  1870  feet. 

Barren  quartz  is  rarely  met  with,  but  some  is  not  of  paying  grade. 
From  1560  to  1870  feet  was  worked  the  great  saddle-reef  of  the 
"  180'*  mine,  there  being  a  large  body  of  stone  or  ore  of  extraordi- 
nary richness  on  the  west  leg  of  the  formation,  which  was  first  cut 


{ 


A.  jv*- 

Faulting  Seen  in  the  South  End  of  the  1340- Foot  Level  in  the  Johnson's  Mine. 

at  1560  feet.     The  deeper  levels  show  no  change  in  the  character  of 
the  country,  and  no  large  influx  of  water*  hinders  further  sinking. 

Recapitulation. 

This  concludes  that  portion  of  my  notes  which  refers  to  the  series 
of  mines  in  which  is  to  be  seen  the  main  saddle -formation  of  the 
Sandhurst  of  to-day.  It  may  be  taken  as  typical  of  the  great  runs 
of  pay-quartz  from  which  the  field  has  obtained  most  of  its  gold. 
During  the  time  (the  four  weeks  preceding  October  13th,  1890)  in 
which  I  inspected  the  larger  number  of  this  group  of  mines,  the  re- 
turns were  as  shown  in  the  accompanying  table. 

*  The  quantity  of  water  hoisted  is  3000  gals,  per  24  hours, 
vol*.  XX.— 82 
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Mine. 


New  Chum  Railway.... 

Shenandoah 

North  Shenandoah 

Young  Chum 

New  Chum  Con 

New  Chum  United 

Lazarus  Co 

Lazarus  No.  1 

North  Old  Chum 


Ist  Fortnight, 
ending  Sept.  27,  '90. 

Loads. 

08. 

Dwt. 

527 

474 

1 

885 

479 

3 

209 

95 

10 

108 

45 

5 

736 

532 

12 

416 

117 

11 

23t 

163 

17 

256 

52 

7 

181 

143 

11 

2d  Fortnight, 
ending  Oct.  11, '90. 


Loads. 


512 
365 
145 
160 
757 
420 

210 
249 
279 


Oz. 


643 
379 
100 

56 
378 

72 

236 
138 
251 


For  the  Month. 


Dwt. 

L'ads 

1 

1089 

1 

750 

4 

854 

14 

268 

2 

1493 

8 

836 

98 

11 

441 

13 

505 

10 

460 

Oz.  Dwt. 


1117  ; 

838  ; 
195  i 


101 
910 
189 
88 
400 
191 
895 


2 
4 

14 

19 

14 

19 

0 

8 

0 

1 


Feet. 

2025  ' 
1990  , 
1900  ) 
1400  , 
1850  I 
ISoO 
1900 
1960 
1960 
2290 


Ten  mines  are  included  in  this  list^  there  being  no  crashing  from 
the  "180  "mine  for  this  particular  period.  The  returns  for  the 
separate  fortnights  are  given  so  as  to  show  how  far  the  yields  vary. 
Nine  out  of  the  ten  are  dividend-paying  properties  at  the  present 
time,  and  the  figures  show  that  the  average  yield  is  444  oz.  16  dwt 
from  an  average  output  for  the  month  of  624^  loads,*  these  results 
being  obtained  from  workings  whose  average  depth  is  1912^  feet  from 
the  surface.     This  is  a  good  record  for  deep  quartz-mining. 

Other  Underground  Phenomena. 

Before  proceeding  to  describe  the  underground  phenomena  ob- 
served in  others  of  the  mines  it  will  be  well  to  refer  again  to  the  gen- 
eral structural  geology  of  the  district.  Emmonsf  quotes  a  saying 
of  the  geologist  Von  Groddeck  that  the  understanding  of  the  true 
character  of  veins  can  only  be  arrived  at  by  a  study  of  the  structure 
of  the  region  in  which  they  occur.  Of  no  mining  district  can  this 
be  said  more  forcibly  than  of  Sandhurst.  As  we  have  already  seen, 
the  gold-field  is  situated  among  the  highly  contorted  folds  of  the 
Lower  Silurian  slates  and  standstones.  The  fissuring  which  is  the 
accompaniment  and  result  of  extreme  contortion  has  led  to  the  pro- 
duction of  very  diverse  forms  of  ore-deposition.  We  .have  seen 
something  of  the  saddles  (anticlines)  and  inverted  saddles  (synclines). 


*  A  load  is  equal  to  25  cwt.  (avoirdupois,  at  112  pounds)  of  ordinary  ore,  or  80 
to  35  cwt.  of  concentrates. 
t  "  Structnral  Relations  of  Ore-deposits,"  IVorw.,  xvi.,  804. 
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For  reasons  to  be  discussed  in  the  sequel,  the  latter  are  neither  so 
extensive  nor  so  productive  as  the  saddles  proper.  In  addition  to 
these  two  very  beautiful  types  of  ore-deposition,  there  are  in  the 
Sandhurst  mines  good  examples  of  almost  all  the  best  recognized 
forms  in  which  gold-quartz  is  known  to  occur.  When  the  parting 
between  two  adjacent  beds  has  been  a  line  of  movement,  the  distinct 
division  so  produced  in  the  country  is  recognized  and  named  a 
"  back."  It  is  usually  accompanied  by  a  smooth  wall  forming  the 
surface  of  the  harder  of  the  two  beds,  and  by  more  or  less  black 
selvage  or  gouge,  resulting  from  the  abrasion  to  which  one  of 
the  two  beds  has  been  subjected.  Such  a  '^  back  "  offers  facilities  for 
the  deposition  of  quartz  by  the  waters  to  which  it  gives  a  ready 
passage.  A  "  back  '^  accompanied  by  quartz,  whether  a  mere  thread 
or  several  inches  in  width,  becomes  a  "leader,"  the  word  referring 
more  particularly  to  the  quartz  seam  which  serves  as  a  guide  in 
prospecting  the  ground.  Such  a  deposit  would  come  under  the 
cat^ory  of  "  bed- veins." 

Another  very  common,  often  also  very  extensive  and  profitable, 
formation  is  locally  known  as  a  "  make  of  apursy  It  consists  of  a 
network  of  quartz-veins,  traversing  a  more  or  less  definitely  limited 
section  of  country.  They  frequently  start  in  the  neighborhood  of  a 
''  back  "  or  "  saddle,"  aad  intersect  the  slate  and  sandstone  at  a 
strong  angle  with  their  bedding.  These  spors  are  sometimes  so 
numerous  as  to  make  the  country  almost  entirely  quartzo^,  while  in 
other  instances,  though  continuous  and  following  a  distinct  belt  of 
country,  they  may  be  so  far  apart  as  to  hide  their  true  character.  * 
In  various  forms  these  spur-systems  constitute  one  of  the  most  im- 
portant sources  of  the  gold  obtained  in  the  Bendigo*  mines.  When 
they  accompany  one  of  the  main  reefs  they  may  be  considered  as 
"  feeders;"  when  they  form  a  distinct  reticulation  of  quartz- veins  they 
answer  to  the  term  "  stock werk." 

Midway  between  the  forms  known  as  "backs"  and  "makes  of 
spurs  "  come  the  "  lodes."  These  consist  of  occasional  belts  of  oountry- 
rock,  most  frequently  slate,  which  carry  irregular  seams  of  quartz, 
some  of  which  are  arranged  parallel  to  the  walls  (the  bedding  planes 
of  the  country),  while  others  have  a  transverse  direction.  Such  oc- 
currences are  locally  called  by  the  generic  term  of  "  lode,"  differing 
from  a  "  make  of  spurs  "  in  that  the  quartz-seams  are  confined  to  one 

*  The  best- producing  mine  at  the  present  time — the  New  Red,  White,  and  Blue 
Consolidated — is  developing  one  of  these  *'  makes  of  spurs.'' 
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bed  a)one^  and  from  the  backs  and  leaders  in  being  larger  and  less 
defined;  and  in  carrying  a  greater  proportion  of  country-rock. 

Fissures  containing  quartz  and  traversing  the  country  unconform- 
ably  to  the  beddings  are  often  faults  and  would  answer  to  the  *^  true 
fissure-vein/'*  a  type  which  is  of  frequent  occurrence  in  this  field, 
though  not  so  important  a  repository  of  the  precious  metal  as  the 
saddles  or  spurs.  ^'Bulges,"  "blocks,"  etc.,  are  names  given  to 
irregular  bodies  of  quartz,  presenting  features  more  or  less  in  common 
with  the  preceding  types.  At  Sandhurst,  as  elsewhere,  the  different 
forms  of  ore-deposition  cannot  be  arbitrarily  labelled,  exhibiting  as 
they  do  frequent  gradations  from  the  one  to  the  other.     In  the  para- 

Fig.  38. 
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Badiated  Cleavage,  Great  Extended  Hustlers  Mine. 

graphs  which  follow,  I  will  describe  instances  of  the  type  known  as 
"  saddles,"  leaving  the  other  forms  for  subsequent  consideration. 

The  South  New  Chum  Mine. 

At  the  southern  end  of  the  district — ^about  SJ  miles  from  the 
group  of  big  mines  on  Victoria  Hill,  some  of  which  have  been  passed 
in  review — there  is  a  small  mine  called  the  South  New  Chum,  which 


^  This  form  of  ore-deposit  was  at  one  time  erroneously  considered  as  particularly 
favorable  to  the  occurrence  of  continuous  shoots  of  gold-bearing  stone. 
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admirably  illustrates  the  particular  formation  most  charaoteristic  of 
Sandhurst.* 

This  mine  is  working  in  regular  "saddle-country.*'  The  longi- 
tudinal and  cross-sections  given  in  Figs.  19  and  20  (p.  487)  will  serve 
to  explain  it.  The  underground  developments  of  this  mine  and  its 
northern  neighbor,  have  proved  the  existence  of  three  formations, 
all  pitching  strongly  to  the  south. 

Formation  No.  1  came  to  the  surface  120  feet  from  the  South  New 
New  Chum  shaft.  The  line  drawn  in  the  section,  Fig.  19,  is  the 
anticlinal  axis  of  the  saddle.  Looking  along  the  strike,  it  would 
appear  like  the  ridge  of  a  roof,  sloping  rapidly  southward.  At  A 
\  the  cap  of  this  formation  was  strongly  defined  and  very  rich  in  gold. 
Near  the  surface  both  legs  proved  "  payably  "  auriferous.  At  B 
the  saddle  was  not  "  payable.'^  At  C  the  cap  became  gold-bearing, 
and  was  well  defined  as  it  approached  the  next  shaft  to  the  south. 

Formation  No.  2  is  the  one  which  is  shown  in  the  cross-section, 
Fig.  20,  which  is  taken  in  a  plane  6  feet  south  of  the  line  of  the 
shaft.  Both  the  170-  and  the  280-foot  cross-cuts  passed  through  it. 
At  D,  Fig.  19,  the  cap  is  broken,  and  there  was  no  quartz  in  the 
legs.  At  A  the  cap  became  "payably''  gold-bearing  as  it  ap- 
proached the  line  of  the  shaft.  The  east  leg  was  not  worked,  and 
the  west  leg  was  also  poor.  At  B  there  was  a  "  payable  "  cap  and 
west  leg,  between  the  170-  and  280-foot  levels.  At  C  the  formation 
is  irr^ular  and  broken. 

Formation  No.  3  is  cut  through  by  the  shaft  and  is  again  partially 
exposed  at  the  660-foot  level.  The  cap  is  irregular.  The  west  leg 
is  worked,  but  the  east  leg  has  not  yet  been  reached  by  the  cross-cut. 
Beferring  to  the  cross-section.  Fig.  20,  I  will  transcribe  the  notes 
made  by  me  while  underground. 

At  the  170-/00/  UveL^East  leg  cut  10  feet  east  of  shaft.  The  lava  dike  12  feet 
and  west  leg  34  feet»  both  west  of  shaft.  The  lower  portion  of  the  cap  is  passed 
through  in  sinking  at  125  feet,  the  top  of  the  cap  being  5  feet  west  of  the  shaft. 
The  lava  dike  is  4  feet  wide,  divided  bj  2  to  3  inches  of  slate,  which,  through- 
out the  upper  workings,  separates  it  into  nearly  equal  portions.  The  cleav- 
age of  the  country  is  with  the  east  leg,  slightly  marked  over  the  cap  and  more 
clearly  deBned  a  short  distance  above.  On  the  other  side  of  the  saddle  the  cleavage 
is  decidedly  across  the  weet  leg.  The  formation  pitches  strongly  southward,  1  foot 
in  6,  and  at  times  even  1  in  5. 

*  I  owe  thanks  to  Mr.  L.  A.  Samuels,  the  mine  manager,  who  conducted  me 
through  the  workings  during  my  vii^its  at  the  mine  and  gave  much  interesting 
information. 
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At  the  2S0foot  2eve2»-— East  leg  74  feet  east  of  shaft.  Lava  dike  in  the  plat.* 
West  lesf  84  feet  west  of  shaft.  The  dike  is  increased  in  size,  the  two  portions 
being  divided  by  two  feet  of  slate.  The  cross-cut  shows  a  subordinate  saddle  un- 
derneath the  main  formation.  This  secondary  saddle  carries  a  little  qnartz  (4  to 
5  inches),  which  in  the-  shaft  showed  '*  nice  gold."  The  west  leg  (of  the  main 
saddle)  consists  of  two  parts,  eacb  about  5  inches  in  width,  the  quartz  of  which  is 
very  beautifully  laminated  or  ribboned.  The  hanging-wall  is  clean  and  defined, 
inclining  at  a  less  angle  than  in  the  level  above.  The  cleavage  west  of  the  center- 
country  is  slightly  west,  nearly  upright,  and  cuts  across  the  bedding,  which  is 
readily  recognizable.  The  country  east  of  the  west  leg  is  slate  (2  feet  thick)  over- 
lying sandstone,  the  thin  bedding  of  the  latter  being  very  marked.  The  east  leg 
as  cut  in  the  crose-cat  is  small  and  poor,  but  is  overlain  by  country  corresponding 
to  that  which  covers  the  west  leg. 


Fig.  39. 
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Formation  of  Secondary  Saddles,  Great  Extended  Hustlers  Mine. 

At  the  450-/oot  leveL — ^The  legs  of  the  npper  formation  have  not  been  sought  for, 
as  they  both  became  small  and  poor  below  the  280-foot  level.  The  east  leg  would 
be  about  150  and  the  west  leg  200  feet  from  the  shaft.  At  35  feet  east  of  the  shaft 
a  western  ^'back''  is  struck,  this  proving  to  be  the  continuation  of  a  wall  coming 
from  a  saddle  below  the  level.  The  lava  is  cut  at  36  feet  from  the  plat ;  it  here 
shows  only  a  fine  black  line  dividing  the  two  portions. 

At  the  650-foot  level.  In  the  plat  the  sandstone  of  the  west  coimtry  shows  ripple 
markings.  The  west  leg  of  the  third  formation  is  cut  close  to  the  shaft,  and  has 
been  driven  upon  for  118  feet  southward. 

The  east  leg  has  not  yet  been  cut,  though  the  cross-cut  has  been  put  out  in 


*  The  station  at  the  shaft,  often  called  the  "station.''  Literally,  "plat''  means 
a  flat  place  cut  out.  The  Cornish  talk  of  a  'Uip  plat,"  the  flat  place  where  the  ore 
is  accumulated,  with  facilities  for  discharge  below  the  level. 
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that  direction  for  69  feet.  It  is  estimaied  that  20  feet  more  would  find  it  The 
nros8-cnt  very  dearlj  shows  the  i^edding  of  the  country  which  is  pierced  by  (he 
lava  dikes,  which  here  are  16  feet  apart.  The  south  drift  is  on  the  west  leg. 
While  the  wall  (the  "west  back"  of  the  450-foot  cross-cut)  continues  its  course, 
accompanied  by  a  seam  of  quartz  (*'the  leader  "),  the  west  '*  reef  turns  off  east- 
ward and  strikes  again5«t  the  lava  dikes,  but  has  not  yet  been  crossed  by  them. 
The  quartz  which  here  is  highly  auriferous  is  found  to  occur  both  between  the  two 
dikes  and  west  of  them.    The  end  of  the  drift  is  in  lava. 

Figs.  21  to  27  (p.  489)  inclusive,  illustrate  some  of  the  more  interest- 
ing of  the  underground  features  already  referred  to.  Fig.  21  shows 
the  second  formation  as  disclosed  in  the  workings  above  the  170-foot 
level.  There  is  no  doubt  as  to  the  continuity  of  the  beds  forming 
this  anticline.  Sandstone  A  overlies  the  saddle,  of  which  B  and  D 
are  respectively  west  and  east  1^.  C  is  the  body  of  quartz  form- 
ing the  apex;  above  it  there  is  a  wedge-shaped  mass  of  crushed 
country,  consisting  for  the  greater  part  of  black  broken  slate  con- 
taining a  notable  percentage  of  pyrites,  but  no  ^'  payable ''  amount  of 
gold.  The  slate  underneath  the  west  leg  varies  from  2  to  3  feet  in 
thickness,  and  is  divided  by  a  thin  ^'bar'^  (3  to  4  inches)  of  hard 
sandstone.  Underneath  the  east  leg  there  is  also  from  2  to  2^  feet 
of  8lat«,  while  below  the  cap  this  slate  is  irregular  and  forms 
''bulges.^'  This  bed  overlies  the  hard  sandstone  H  of  the  center- 
country,  fractured  and  penetrated  by  spurs.  The  east  back  F,  that 
is,  the  parting  which  forms  the  hanging-wall  of  the  east  leg,  has  been 
followed  for  30  feet  above  the  cap  of  the  saddle. 

Fig.  22  is  the  west  leg,  as  seen  at  the  650-foot  plat.  The  reef  C 
is  hard  against  the  back  A,  which  carries  its  own  thin  vein  of  quartz 
(the  leader).  D  D  are  spurs  from  the  west  leg  into  center-country. 
These  cross-spurs  are  a  frequent  feature  of  the  country  between  the 
legs  of  a  saddle. 

Fig.  23  represents  in  plan  the  position  of  the  'Hava  streaks''  in 
the  south  drift  of  the  550'foot  level.  S  and  T  represent  the  dikes ; 
C  is  the  quartz;  and  A  A  the  "  back." 

Fig.  24  shows  the  relative  position  of  the  dikes,  as  disclosed  in 
the  550- foot  east  cross-cut.  The  bedding  of  the  country  is  very  evi- 
dent. T,  which  is  from  18  to  20  inches  thick,  is  just  east  of  center- 
country,  and  has  cut  through  it.  S  is  20  inches  thick,  and  has  just 
begun  to  shape  its  course  with  the  l)edding. 

Fig.  25  represents  the  markings,  natural  size,  in  the  decomposing 
lava  of  the  west  dike  in  the  550-foot  cross-cut. 

Fig.  26  shows  the  "  west  back,"  which,  40  feet  above  the  550-ft. 
level,  ruus  into  the  west  leg  of  an  incomplete  saddle  (the  third  form- 
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ation).  It  will  be  understood  that  a  ''  back  "  is  such  only  so  long 
as  it  follows  the  line  of  parting  between  two  beds  of  the  country; 
that  when  it  follows  a  quartz  seam  it  often  becomes  the  hanging- 
wall  of  a  reef;  and  finally  that,  before  striking  the  quartz  or 
after  doing  so,  it  may  change  its  character  and  be  a  cross-fissure. 
In  Fig  26,  A  is  the  back ;  C  is  quartz ;  S  and  T  are  the  two  portions 
of  the  lava  dike  which  cuts  through  the  formation.  There  is  a 
fault,  the  throw  of  which  is  from  8  to  10  inches.  The  dike  does 
not  fault  the  quartz,  but  follows  the  line  of  an  earlier  dislocation. 
D  is  broken  ground,  traversed  by  spurs.     B  is  an  east  back. 

Fig.  27  is  taken  from  the  cross-cut  at  190  feet,  and  indicates  a 
local  fault  which  throws  the  country  about  3  feet  e&st.     B  B  is  a 

Fig.  40. 


Bedding,  Cleavage  and  Jointing,  Great  Extended  Hustlers  Mine. 

bed  of  slate ;  F  F  is  the  line  of  fault,  carrying  a  couple  of  inches 
of  selvage  and,  on  the  under  side,  a  little  quartz. 

This  mine  illustrates  the  general  character  of  the  saddle-reefs.  To 
any  one  desirous  of  obtaining  the  key  to  the  geological  structure  of 
the  district  I  recommend  the  examination  of  formation  No.  2  as  cut 
by  the  170-  and  280  ft.  cross-cuts,  where  the  different  features  of 
cleavage  and  bedding  of  the  enclosing  country,  the  pitch  and  under- 
lay of  the  quartz  bodies,  are  all  more  distinctly  marked  than  I  ob- 
served them  in  any  other  mine.  On  the  other  hand  the  lower  or 
No.  3  formation,  as  cut  by  the  450-  and  550-ft.  cross-cuts  well  illus- 
trates the,  frequency  with  which  the  simpler  type  of  ore-deposits 
becomes  complicated  almost  beyond  recognition.     That  this  is  due  to 
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the  action  of  faults^  is  evidenced  by  the  slickensides  on  the  walls 
and  the  crushed  condition  of  |)ortions  of  the  country,  such  as  the 
wedge  of  slate  above  the  No.  2  saddle. 

In  this  mine  there  is  none  «)f  the  perplexity  occasioned  in  the  deep 
mines  on  Victoria  Hill  by  the  difficulty  in  distinguishing  the  bed- 
ding from  the  cleavage,  where  the  latter  is  highly  developed.  The 
cleavage  which  elsewhere  so  often  obliterates  the  bedding,  especially 
of  the  west  country,  is  clearly  distinguishable  in  the  slate  and  sand- 
stone beds  disclosed  by  the  different  cross-cuts. 

The  280-ft.  level,  where  it  is  driven  upon  the  western  leg  particu- 
larly, well  illustrates  this  feature.  The  sandstone  there  seen  over- 
lying the  reef  is  composed  of  a  number  of  thin  beds  of  different 
shades  of  gray  rock,  the  light  and  dark  laminsB  are  beautifully  regu- 
lar, and  have  a  strong  dip  westward  (with  the  reef),  while  the 
cleavage  is  only  slightly  off  the  vertical,  giving  the  foot-wall  in  the 
''  drive "  the  appearance  of  taking  a  roll.  The  side  of  the  level 
had  broken  first  along  the  wall  of  the  reef — which  is  also  the  bedding 
of  the  enclosed  country — and  then  along  the  nearly  vertical  cleavage. 

In  conclusion  I  may  add  that  though  the  mine  is  called  the  South 
New  Chum,  having  been  originally  supposed  to  be  a  southern  con- 
tinuation of  that  great  ^Mine  of  reef,"  it  is  now  generally  accepted 
as  being  on  an  extension  of  one  of  the  ^'  side-lines"  to  the  west* 

The  Johnson's  Mine. 

The  finest  example  of  the  saddle-reef  to  be  seen  at  the  present 
time  is  in  the  Johnson's  mine  at  Eaglehawk.  This  claim  is  not,  like 
most  of  those  hitherto  described,  on  the  New  Chum  line  of  reef,  but 
on  the  northern  extension  of  the  Garden  Gully,  so  called  after  the 
mine  in  which  it  had  its  greatest  and  richest  development,  the  Garden 
Gully  United.  There  has  been  but  one  saddle  worked  in  the  Johnson's 
mine,  but  that  one  has  been  exceptionally  regular  and  rich.  The 
apex  is  980  feet  from  the  surface ;  the  west  leg  has  been  but  little 
developed  as  yet,  but  the  east  leg  still  continues  profit/able  beyond 
the  1340-foot  level,  which  is  the  deepest  in  the  mine. 

All  the  gold  obtained  in  the  upper  workings  came  from  "  backs ' 
and  "  spurs,"  as  well  as  other  irregular  bodies  of  stone  or  quartz.* 
Descending  No.  2  shaft  a  thousand  feet,  one  finds  that  the  level  is 
driven  upon  '^  the  main  east  back,"  as  it  is  called.     It  may  be  con- 
sidered as  an  east  leg  which  has  no  corresponding  west  leg ;  nor,  so 

*  The  Ck)lonial  talks  of  "  stone,"  where  the  American  speaks  of  **  rock,"  and  the 
Frenchman  "  mineral/'    Gold-quartz  in  Australia  is  **  golden  stone.'' 
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far  as  it  has  been  followed^  does  it  turn  over  to  form  a  saddle.  This 
"  back  "  has  been  worked  successfully  for  300  feet  along  its  strike^ 
the  quartz  making  in  bulges^  sometimes  100  feet  in  height,  but  of 
very  variable  longitudinal  extent.  The  gold-contents  varied  from 
3  to  10  dwt.  per  ton.  These  bodies  of  quartz  pitch  north.  Before 
coming  to  an  end  they  usually  break  up  into  a  number  of  spurs, 
and  they  are  generally  to  be  found  at  those  points  where  a  number 
of  small  veins — feeders  or  spurs — -join  the  main  back.  Such  a 
"make  of  stone"*  is  to  be  seen  above  this  1000-foot  level.     The 


Fig.  41. 


Doable  SjRtem  of  Cleavage,  Great  Extended  Hustlers  Mine. 

quartz,  12  feet  wide,  is  crystalline  and  white,  but  well  mineralized, 
containing  vugs  or  geodes  and  occasionally  patches  of  included 
country.  This  block  of  quartz  pitches  north,  but  60  feet  further  is 
another  which  pitches  in  the  contrary  direction.  A  small  regular 
seam  usually  accompanies  the  back.  It  is  known  as  the  *'  leader," 
and  is  distinct  from  the  other  irregular  bodies  of  quartz  which  may 
be  found  along  the  line  of  the  back.  The  terms  '^  back  "  and 
"  leader"  are  used  interchangeably.  The  wall  of  the  back  is  very 
well  defined,  and  carries  a  couple  of  inches  of  black  clay — the  **  dig  " 
— which  continues  long  after  the  quartz  has  died  out.  Figs.  28  and 
29  (p.  491)  will  illustrate  this.  A  is  sandstone ;  C  is  massive  quartz ; 
B  is  slate ;  L  is  the  leader ;  D  is  the  dig  or  selvage  ;  F  F  are  small 
spurs.     A  cross-cut  86  feet  east  from  this  back  brings  us  to  the  east 

*  A  "  make  of  stone"  is  the  equivalent  of  a  "shoAt  of  ore  "  or  an  "  ore-body." 
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leg  of  the  big  saddle.  The  croes-cut  shows  that  on  the  hangiDg-wall 
there  are  14  feet  of  sandstone,  divided  by  three  thin  partings  of 
slate.  Both  walls  are  very  clean  and  distinct^  the  hanging  par- 
ticularly. 

Above  the  stopes  the  saddle  itself  is  seen.  The  appearance  of 
the  workings  is  very  striking.  The  removal  of  the  quartz  has  left 
a  large  vaulted  chamber,  over  which  the  curving  hanging-wall  ex- 
tends with  the  regularity  of  an  arch  of  masonry,  while  the  foot-wall 
underneath  looks  like  the  back  of  a  boiler,  the  curve  of  the  saddle 
being  remarkably  regular.  As  there  is  no  timbering  to  obstruct  the 
view,  it  is  easy  to  sketch  the  heading.  Fig.  30  (p.  491)  shows  the  gen- 
eral structure  of  the  formation.  Looking  along  the  crest — the  summit 
of  the  curving  under-wall — one  can  readily  see  that  the  pitch  is  to 
the  north.  The  overlying  rock  is  the  hard  sandstone  which  forms 
the  hanging-wall ;  underneath  comes  2^  feet  of  quartz ;  then  follows 
a  dark  parting  of  slate,  under  which  lies  12  to  14  inches  of  sand- 
stone, then  6  to  6  inches  of  slate,  mixed  up  with  quartz,  which  latter 
gets  rapidly  smaller  both  east  and  west. 

These  layers  of  slate,  sandstone  and  quartz  are  all  conformable  to 
the  bedding  of  the  enclosing  country.  The  over-arching  wall  of 
sandstone  shows  wavy  markings,  a  suggestion  of  the  beautiful  rip-' 
pie-markings  to  be  seen  at  the  1060-ft.  level.  There  are  also  to  be 
obvserved  thin  threads  of  quartz,  in  lines  at  right  angles  to  the 
strike — probably  following  joint-planes. 

The  west  leg  has  been  followed  only  30  feet  on  the  dip.  Fig.  31 
(p.  491)  illustrates  its  appearance.  Under  the  hanging  is  12  to  14 
inches  of  clean  quartz,  C,  well  laminated.  Underneath  comes  2  feet 
of  sandstone,  A,  separated  by  a  black  slate  parting.  Between  this 
sandstone  and  the  main  foot-wall  there  is  5  inches  of  slate,  B.  The 
hanging  is  broken  by  feeders  which  carry  gold.  The  cleavage  of 
the  country-rock  is  to  the  east,  as  indicated  on  the  right  of  the 
drawing. 

The  east  leg  has  supplied  the  major  portion  of  the  output  of  the 
mine,  and  has  proved  highly  auriferous.  Fig.  34  (p.  493)  shows  its 
appearance  just  below  the  cap  of  the  saddle.  The  reef  at  this  point 
is  divided  into  two  parts  by  about  12  inches  of  sandstone,  H.  The 
upper  portion,  C,  is  2J  feet  wide,  mottled  by  the  inclusion  of  bits  of 
country,  M,  near  the  hanging-wall,  and  well  laminated  or  ribboned 
(N)  near  the  included  sandstone,  H^  which  last  is  cut  up  by  spurs, 
SS. 

The  underlying  slate,  B,  is  black  anti  graphitic.     The  lower  por- 
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tion,  E,  of  the  reef  is  less  regular,  and  lies  directly  upon  the  hard 
sandstone,  D,  of  the  main  foot- wall.  At  about  40  feet  below  the  cap 
the  east  leg,  as  seen  in  Fig.  32  (p.  491),  pinches  to  3  inches  at  C,  with 
4  feet  of  slate,  B,  and  sandstone.  A,  between  it  and  the  hanging.  The 
decrease  in  size  is  compensated  for  economically  by  an  increase  in 
the  gold-contents. 

At  the  1065-foot  level  the  lode  has  been  worked  out.  At  the 
1280-foot  level  a  cross  course  throws  the  east  leg,  which  is  here  from 
9  to  10  inches  wide,  eastward  6  feet,  which  is  equivalent  to  its  being 
moved  from  one  wall  to  the  other  of  the  lode-channel  in  which  it  is 
situated.  This  is  shown  in  Fig.  33  (p.  491).  At  this  point  a  body  of 
quartz,  C,  about  6  feet  by  6  feet,  is  formed.   It  is  very  white,  and  has 

Fig.  42. 


Fig.  43 


Gleavage  and  Crystalline  Laminationi  Great  £ztended  Hustlers  Mine. 

been  known  to  carry  coarse  gold.  A  is  sandstone;  B,  slate ;  R,  the 
reef.  The  north  end  of  the  1280-foot  drive  shows  two  faults*  in  the 
lode.  See  Fig.  35  (p.  495).  Thelarger  hasatbrowof  8  inches.  Both 
dip  westward,  but  at  different  angles.  The  quartz.  A,  on  the  foot- 
wall  side,  is  much  the  best  in  appearance  and  in  yield.  The  foot-wall 
itself  is  well  defined  and  unbroken.  B  is  broken,  slaty  rock,  con- 
taining pieces  of  quartz.  C  is  a  body  of  quartz,  white,  and  contain- 
ing but  little  gold. 

In  the  stopes  the  same  faults  are  found  closer  together.   The  spurs 

*  In  the  mine  they  call  them  ''slides."  Elsewhere  in  Australia  this  term  alter- 
nates with  ''heads"  and  '* breaks."  In  the  New  Zealand  coal-mines  the  synonym 
is  "  troubles." 
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in  the  foot-wall  going  west  from  the  reef  pay  to  follow  for  20  or  25 
feet.  The  quartz  of  which  they  are  formed  is  white  and  the  gold  is 
coarse^  not  varying  in  this  regard  whether  near  or  distant  from  the 
main  lode.  The  tenor  of  the  ore  is  such  that  the  reef  will  pay  to 
work  when  only  3  inches  thick,  the  miners  breaking  with  it  feeders, 
spurs,  mullock,*  everything  as  it  comes.  The  average  width, 
however,  is  from  12  to  16  inches,  at  which  size  the  lode  is  most 
gold-bearing, — better  than  when  it  increases  to  its  maximum  width 
of  3  feet. 

At  the  1340-foot  level  the  east  leg  is  still  rich  in  gold.  It  is  be- 
coming more  inclined,  having  travelled  east  10  feet  in  the  last  60, 
while  between  the  1000-  and  1280-foot  levels  it  moved  90  feet. 
There  is  not  so  much  country-rock  between  the  walls  as  in  the  levels 
above.  The  quartz  is  covered  by  a  very  clean  striated  hanging-wall, 
which  is  4^  feet  west  of  the  main  hanging  of  the  lode-channel.  In 
the  breast  of  the  north  drift  the  reef  is  6  feet  wide.  The  foot-wall 
is  a  sandstone  so  far  altered  and  hardened  as  to  be  a  quartzite.  Rip- 
ple-marks are  beautifully  distinct.  There  is  a  fine  line  of  stopes 
above  this  level.  Faults  similar  to  those  in  the  1280  are  seen.  The 
broken  country  under  the  faults  shows  evidence  of  having  been 
arranged  in  lines  parallel  to  the  lode.  In  the  south  drift  is  seen  the 
lava  dike,  shown  in  Fig.  36  (p.  497).  B  is  a  fault,  the  course  of  which 
is  marked  by  soft  broken  slate.  The  reef,  A,  is  twice  dislocated,  the 
second  time  by  a  small  fault,  which  has  served  as  a  passage-way  for 
the  dike,  T. 

This  1340-foot  level  is  at  present  the  deepest  in  the  mine.  The 
reef  has  been  followed  by  a  winze  for  a  further  depth  of  35  feet. 
The  shaft  is  now  being  sunk  so  as  to  enable  deeper  levels  to  be 
opened,  and  so  continue  the  developmenjb  of  the  mine.  A  cross-cut 
is  being  driven  to  intercept  the  west  leg. 

The  richest  ore  which  this  formation  yielded  was  obtained  just 
below  the  turn-over  of  the  saddle,  but  very  rich  shoots  were  found 
irregularly  distributed  through  the  reef,  having  the  same  pitch  as 
the  formation  itself.  The  quartz,  speaking  generally,  is  patchy,  and 
sometimes  extremely  rich  bunches  are  found.  One  of  these  lately 
gave  150  ounces  of  gold  from  a  half-sack  of  quartz. 

*  Mallock  is  waste  rock.  A  "mullock-tip''  is  brother  to  the  western  ^  damp." 
Originally,  mullock  was  the  name  given  to  the  basalt  which  covered  the  deep  leads 
of  Ballarat ;  but  since  then  the  alluvial  diggers  have  introduced  the  term  into 
qoartz-mining ;  and  at  Sandhurst  it  refers  to  the  slate  and  sandstone  which  is  broken 
with  the  quartz  of  the  reef. 
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As  we  have  seen,  most  of  the  workings  are  on  the  east  leg,  which, 
as  observed  in  the  levels  underneath  the  cap  of  the  saddles^  presents 
all  the  appearance  of  an  ordinary  quartz-lode  with  walls  parallel  to 
the  bedding  of  the  enclosing  country.  The  cross-cuts  show  the  bed- 
ding. The  alternating  slate  and  sandstone  are  called  "  bars''  by 
the  miners.  Thus,  one  hears  of  a  cross-cut  having  just  passed 
through  a  "  tight  bar  of  sandstone.''  Even  where  the  difference  in  the 
nature  of  the  rock  forming  adjacent  beds  is  very  slight,  there  are  lines 
of  parting  (usually  seams  of  slate)  which  indicate  the  stratification. 

Fig.  44. 


-''^A^^ 


False  Saddle,  1670-Foot  Level,  Great  Extended  Huetlers  Mine. 

The  cleavage  is  distinct  and  uniformly  to  the  east  at  an  angle  of  60°. 
The  Johnson's  mine  for  the  half-year  ending  June  30,  1890,  paid 
dividends  amounting  to  £19,441  2».  The  yield  of  12,367  loads  of 
stone  was  9146  oz.  3  dwt,  worth  £38,639  6«.  3d.,  and  averaging  14 
dwt.  19  gr.  per  load.  The  following  figures  will  be  of  value  as  in- 
dicating the  tenor  of  the  ore  at  the  different  levels  during  the  half- 
year: 


Part  of  the  Mine. 

Loadfi. 

Above  the  550-foot  level, 

• 

.      121 

i( 

1000-foot  level, 

• 

.    1886 

(( 

1130-foot  level, 

• 

.      289 

u 

1200-  and  1210-foot  levels, 

.    2156 

€t 

12&0-foot  level, 

• 

.    5145 

u 

1340-foot  level, 

• 

.    2113 

Yield. 

Oz. 

dwts. 

13 

10 

991 

3 

206 

16 

1274 

17 

3276 

17 

2803 

19 
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The  average  yield  from  the  stone  at  the  bottom  of  the  mine  was  1 
oz,  7  dwt.  per  load.* 

The  Great  Extended  Hustlers  Mine. 

The  Johnson's  mine  is  on  the  Garden  Gully  line  of  reef,  but 
the  next  to  be  descril^ed  is  on  the  third  of  the  three  great  anti- 
clinal axes — the  Hustlers.  The  Great  Extended  Hustlers  is  one  of 
the  "  rec<)rd-mine8  "  of  the  district,!  and  at  the  present  time  exhibits 
a  formation  of  subsidiary  saddles  which  is  both  peculiar  and  inter- 
esting. Fig.  37  (p.  499)  shows  the  formation  as  seen  in  the  workings 
between  the  1700-  and  1800-foot  levels.  The  cross-section  is  taken 
along  a  b,  and,  with  the  longitudinal  section,  will  explain  itself.  A 
is  slate,  B  and  C  are  both  sandstone.  It  is  seen  that  the  anticlinal 
axes  (the  ridges  of  the  saddles)  pitch  strongly  to  the  north,  the  main 
axis  1  in  5,  while  the  secondary  saddles  pitch  1  in  3.  The  main 
formation  has  been  worked  for  800  feet  in  this  mine,  and  extends  for 
some  distance  into  the  adjoining  claims.  The  secondary  saddles^  have 
a  length  along  their  strike  of  250  and  300  feet  respectively. 

In  Fig.  37  (p.  499)  it  is  seen  that,  commencing  at  the  south,  the  right 
hand  of  the  drawing,  a  cross-section  would  show  one  large  saddle ;  as 
we  proceed  north  the  great  width  of  quartz  becomes  divided  by-a 
horse  of  sandstone  which,  like  a  wedge,  eventually  splits  the  formation 
into  two  saddles,  having  at  a-b  a  width  through  their  caps  of  40 
and  12  feet  respectively.  At  this  point  the  top  of  the  main  cap 
is  irregular,  broken  into  a  mass  of  spurs.  The  foot-wall  of  the  lower 
saddle  forms  a  very  clean  arch.  Further  north  again,  the  lower 
saddle  gradually  pinches  out,  while  simultaneously  the  main  forma- 
tion increases  in  size,  very  soon  to  be  again  divided  by  another  wedge 
of  country-rock,  with  a  repetition  of  the  conditions  already  noted  in 
the  previous  case. 

Before  the  two  saddles  become  divided  by  the  country-sandstone, 

*  My  thanks  are  due  to  Mr.  Williams,  the  mine-manager,  as  also  to  the  under- 
ground foreman,  for  manj  of  the  details  here  given. 

t  It  is  a  noteworthy  fact  that  the  three  mines  which  perhaps  rank  first  in  the 
returns  of  gold  which  they  have  made,  should  be  on  the  three  main  "lines  of  reef," 
and  opposite  each  other,  illustrating  the  old  mining  aphorism,  **  ore  against  ore.'' 
I  refer  to  the  **  ISO"  on  the  New  Chum,  the  Garden  Gaily  on  the  line  of  the  same 
name,  and  the  Great  Extended  Hustlers  on  the  Hustlers  line. 

X  During  my  later  visit  to  Sandhurst  the  manager  informed  me  that  he  had  come 
across  a  third  of  these  subsidiary  saddles.  I  had  not  the  time  to  inspect  it.  I  have 
here  an  opportunity  of  thanking  the  mine-manager,  Mr.  Thomas  Weekley,  for  the 
valuable  assistance  he  gave  me  in  visiting  this  mine,  as  well  as  for  his  guidance  in 
examining  the  old  workings  of  the  Unity  mine. 
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Fig.  45 
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the  main  body  of  the  quartz  begins  to  show  included  fragments  of 
country ;  becomes,  as  the  Sandhurst  miners  say,  '*  mullocky/'* 

At  the  1750-foot  level,  the  east  leg  carries  three  or  four  inches  of 
quartz  against  a  sandstone  wall  which  exhibits  transverse  markings. 
These  will  be  referred  to  later.  The  quartz  is  crushed  so  as  to  re- 
semble common  table-salt,  and  occasionally  the  surface  where  it  has 
not  been  pulverized  shows  beautiful  slickensides,  polished  to  the 
likeness  of  ivory,  and  veined  with  black  streaks  due  to  the  grinding 
of  the  pyrites.  The  west  leg  shows  a  large  body  (5  to  6  feet)  of 
white  and  splintery  quartz. 

The  saddle  was  moet  auriferous  at  and  immediately  below  the 
commencement  of  the  legs.  This  was  particularly  marked  in  the 
case  of  the  west  leg,  which  was  by  far  the  more  auriferous  of  the 
two.  In  another  formation,  worked  in  the  Iev(^ls  immediately  over- 
head, the  reverse  was  the  case ;  the  east  leg  paid  best,  often  proving 
continuously  gold-bearing  for  from  150  to  200  feet;  whereas  the 
east  legs  are  generally  short-lived. 

The  sandstone  overlying  the  saddle  is  10  to  15  feet  in  thickness, 
and  is  overlain  by  a  bed  of  slate  25  feet  thick  over  the  cap,  and 
penetrated  lower  down  by  the  1800-foot  cross-cut,  the  slate  l>eing 
thinner  on  the  west  side  than  on  the  east,  where  it  is  much  disturbed 
and  broken. 

The  sandstone  over  the  cap  has  a  nearly  vertical  cleavage ;  that 
of  the  west  country  is  strongly  east,  while  that  of  the  eastern  country 
is  slightly  westward ;  in  other  words,  the  cleavage  is  radiated.  This 
is  illustrated  in  Fig.  38  (p.  501). 

In  Fig.  39  (p.  503),  one  of  the  lower  secondary  saddles  is  shown. 
The  cleavage  over  the  cap  is  also  radiated  and  distinct,  though  it 
does  not  entirely  hide  the  bedding.  Above  the  cap,  at  B,  and  in  the 
quartz  itself,  there  are  a  few  inches  of  black  slate.  In  the  center- 
country  underneath,  there  is  the  suggestion  of  a  third  saddle,  D,  in 
the  quartz  seam  following  the  slate-parting  which  marks  the  bedding 
of  the  sandstone. 

Fig.  40  (p.  505)  is  taken  in  the  1805-foot  level.  A  B  is  a  bedding- 
plane,  sandstone  above  and  slate  underneath.  The  lines  C  C  are 
joint-fractures;  S  S  are  small  spurs  cutting  across  both  divisions  in 
the  country-rock.  Underneath  the  second  saddle  in  the  same  level  are 
seen  the  fractures  shown  in  Fig.  41  (p.  507) ;  A  B  is  the  east  leg,  C  is  a 
quartz  seam  following  the  bedding ;  a  a  are  lines  of  normal  cleavage. 

*  That  is,  mixed  with  mullock  or  coantrj-rock. 
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The  system  of  fractures  to  which  6  6  belong  appears  to  me  to  be  also 
cleavage,  but  due  to  the  transverse  (north  and  south)  folding  of  the 
country.  In  other  words,  there  is  here  double  cleavage,  one  due  to 
.the  east  and  west,  and  the  other  to  the  north  and  south,  bending  of 
the  beds.  The  planes  b  b  are  at  right  angles  to  the  plane  of  A  B 
(the  bedding)  and  are  not  confined  to  one  bed  orjy. 

Reference  has  been  mace  to  some  peculiar  markings  seen  above 
the  east  leg  of  the  main  formations.  They  are  more  plainly  seen  in 
the  sandstone  above  the  west  leg  at  and  about  the  turn-over  of  the 
saddle.  As  seen  underground,  they  present  the  appearance  shown  iu 
Fig.  42  (p.  509).  The  deepening  and  thinning  of  the  dark  lines  is  due 
to  the  unevenness  of  the  surface  produced  in  breaking  it  Actually, 
the  lines  are  as  shown  in  Fig.  43  (p.  609).  They  are  identical  with  the 
cleavage,  and  present  an  instance  of  cleavage  which  is  also  crystalline 
lamination,  that  is,  they  are  lines  due  to  compressive  strain,  along 
which  a  dark  indeterminate  mineral  has  been  develo()ed  and  arranged. 

Fig.  44  (p.  51 1)  is  a  "  false  saddle"  seen  in  the  1670-foot  level.  B  is 
slate,  the  cleavage  of  which  is  indicated,  as  is  also  that  of  A,  which 
is  a  slaty  sandstone.  T  is  a  lava  dike,  12  to  14  inches  wide.  D  is  a 
slaty  sandstone,  broken  up  and  containing  irregular  fragments  of 
quartz  like  C.  The  bedding,  to  the  west,  is  indicated  by  the  arrow. 
This  is  a  typical  instance  of  a  quartz  formation  which  is  very  apt  to 
be  mistaken  for  a  true  saddle.*  Quartz  is  formed  along  the  fissure 
which  cuts  across  the  bedding  of  the  country,  the  bedding- planes 
themselves  also  show  quartz,  and  the  point  of  intersection  with  the 
fissure  may  be  marked  by  a  large  body  of  ore.  In  this  case  the 
dike  follows  the  line  of  the  cross-fissure  and  a  formation  of  quartz 
(C)  is  seen.  It  is  to  be  noted  that  the  line  of  bedding  is  more  favored 
in  the  deposition  of  quartz  than  that  of  the  fissure  which  crosses  it. 
Such  ''makes  of  stone  *' are  notably  irregular  and  uncertain.  At 
the  point  where  the  sketch  is  taken  the  lava  is  just  west  of  "center- 
country,''  and  the  reef  underneath  the  lava  is  of  very  limited  extent. 
In  going  south,  the  dike  makes  over  to  the  east  country,  the  country 
dipping  east,  and  the  accompanying  quartz  then  becomes  more  con- 
tinuous. 

The  Unity  Mine. 

At  the  Unity  mine,  which  is  on  the  Garden  Gully  line,  there  is  a 
good  example  of  the  extensive  faulting  which  frequently  obtains  in 

this  district,  making  difBcuIt  the  development  of  the  ore-bodies. 

I  "  ■■,11 

*  As  already  noted,  p.  480. 
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Fig,  45  (p.  613)  is  a  section,  40  feet  to  the  iDch,  which  will  serve  to 
explain  the  occurrence.  B  AC  is  an  imperfect  but  true  saddle,  since 
the  country  dips  east  and  west  with  the  two  legs.  There  is  no  true 
east  1^,  but  rudiments  of  it  are  seen  in  the  spurs  which  traverse  the 
slate  at  S.  Sandstone  overlies  the  cap  and  the  west  leg,  as  well  as 
the  l)ed  of  slate  in  which  are  the  spurs  which  replace  the  east  leg. 
At  28  feet  below  the  cap,  the  country  is  faulted,  the  throw  bringing 
the  west  leg,  the  only  part  of  the  formation  which  continues  well- 

Flg.  82.  ,  Fig.  53.^ 
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defined,  from  B  to  D,  a  distance  of  35  feet.  Another  slide  at  a 
further  depth  of  38  feet  (along  the  dip)  causes  another  break,  this 
time  of  8  feet  only.  Again  at  M  there  is  a  dislocation,  which  has 
not  gone  further  than  to  cause  a  derangement  in  the  straight  course  of 
the  lode.  We  will  follow  the  formation  through  the  diffti-ent  changes 
which  it  undergoes.  At  ihe  183-foot  croas-cut,  where  it  is  first  seen, 
the  top  of  the  cap  has  been  stoped  away,  offering  to  view  the  partial 
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formation  of  the  arched  structure,  which  is  so  beautifully  distinct  in 
some  of  the  mines,  the  Johnson's  for  instance.  The  west  leg  is 
strongly  defined,  and  yielded  well  at  the  time  it  was  stoped.  The 
spurs  which  replace  the  east  leg  were  worked  for  a  depth  of  25  feet, 
and  eventually  merge  into  the  formation  shown  at  C  in  Figs.  45  and 
46  (p.  515).  In  the  latter,  A  is  the  sandstone  of  the  overlying  country  ; 
£  E  are  spurs ;  C  is  quartz,  which  includes  several,  fragments  of 
country  at  D  D ;  B  is  a  layer  of  brecciated  quartzose  material  con- 
taining gold,  whose  origin  was  probably  the  fragments  of  quartz 
broken  away  by  the  fault  from  the  west  leg  up  above.  All  this 
overlies  the  lava  dike  T,  which  is  from  6  to  8  inches  wide,  and  is 
separated  from  the  underlying  sandstone  by  the  lower  wall  of  the 
fault-fissure.  The  whole  formation,  inclusive  of  the  portions  C  D 
B,  may  be  considered  as  forming  the  slide  or  fault  which  at  a  later 
date  became  a  passage-way  for  the  dike.  The  west  leg  continues, 
well-defined  and  easily  recognizable,  for  a  depth  of  over  200  feet,  in 
spite  of  its  being  three  times  dislocated.  From  D  to  F  it  forms  a 
large  body  of  stone,*  decreasing  from  12  to  5  feet  in  width,  which 
yielded  good  returns,  many  crushings  giving  5  oz.  per  ton. 

At  the  290-foot  level  at  the  east  end  of  the  cross-cut,  the  first  fault 
is  seen.  A  drift  1 5  feet  long  show^s  at  its  opposite  ends  the  appearance 
illustrated  in  Figs.  47  and  48  (p.  515).  Fig.  47  shows  the  south  end. 
The  sandstone,  A,  is  over  the  line  of  fault,  which  along  its  course 
has  a  clean  wall  carrying  a  few  inches  of  soft  selvage,  S.  The  sand- 
stone, C,  underneath,  is  considerably  fissured,  and  in  the  fissures  are 
the  small  quartz-seams,  m,  m.  The  slate,  B,  shows  cleavage  parallel 
to  the  fault.  Quartz  is  formed  along  the  main  wall,  and  a  large 
spur,t  D,  follows  the  bedding  of  the  country.  At  the  other  end  of 
the  drive,  only  15  feet  from  the  south  face,  the  heading  presents  a 
totally  different  appearance,  as  is  shown  in  Fig.  48.  A  is  sandstone ; 
T  is  the  dike  which,  in  the  plane  of  section,  Fig.  47,  must  have 
pinched  out  temporarily.  D  D  are  quartz-veins  parallel  to  the 
fault.     The  country  through  which  it  cuts  dips  east. 

The  291-foot  cross-cut  gives  a  section  of  the  lode  and  of  both 
slides.  The  lower  fault  is  28,  and  the  first,  or  upper,  57  feet  east  of 
the  shaft.  The  second  fault  has  more  dip,  but,  like  the  first,  it 
shows  a  bulge  of  lava  at  one  end  and  none  at  all  at  the  other  end,  6 


*  That  ifl, "  mill-stuff,"  "  quartz/'  or  *'  dirt,"  as  it  is  variously  termed  by  the  miners 
in  variouB  parts. 

f  Were  it  to  continue  for  any  distance  it  would  be  called  a  "back,"  since  it  fol- 
lows the  line  of  bedding. 
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feet  distant,  of  a  raise  which  has  been  put  up  to  cut  the  lode.  The 
country  between  the  two  slides  is  much  disturbed,  and  shows  lines 
of  fissure  in  sympathy  with  the  faults.  It  is  full  of  flat  spurs,  hav- 
ing a  slight  dip  eastward.  The  country  west  of  the  faults  contains 
no  spurs,  but  it  is  hard  sandstone  and  much  fissured.  At  15  feet 
west  of  the  second  fault  or  slide,  the  country  begins  to  show  a  westerly 
dip.  In  Fig.  49  (p.  516),  taken  at  this  point,  a  a  are  fissures  parallel 
to  the  faults;  6  6  is  the  bedding,  indicated  by  a  slate  parting  be- 
tween two  layers  of  sandstone ;  o  c  is  cleavage,  nearly  vertical. 

At  the  358-foot  level  (see  Fig.  45,  p.  513)  the  quartz  has  decreased  to 
2^  feet,  but  it  is  still  a  strong  lode.  Neither  of  the  faults  is  to  be  seen, 
as  the  cross-cut  is  not  far  enough  east.  At  M  there  is  seen  an  at- 
tempt at  faulting  which  has  gone  so  far  only  as  partially  to  dislocate 


Fig.  54. 


RIPPLE  MARKS. 
*      Johnson's   mine,   loee  ft.  level. 


the  reef.  At  N  there  is  a  "  back,"  a  line  of  parting  between  two 
beds,  parallel  to  the  lode,  which  goes  up  as  far  as  the  second  fault, 
where  a  formation  of  spurs  is  found  on  both  sides  of  it.  This  is  the 
last  we  see  of  the  reef,  which  decreases  rapidly  in  size  and  becomes 
unprofitable,  the  dip  taking  it  across  the  shaft  before  reaching  the 
level  of  the  451 -foot  cross-cut.. 

This  cross-cut  intercepts  at  O,  Fig.  45,  the  back  which  we  saw  at 
N  in  the  353-foot  cross-cut.  It  is  well-ilefined  and  continues  under 
foot.  The  cross-cut  ends  in  a  very  well-formed  saddle,  P  Q  R, 
which  is  shown  in  greater  detail  in  Fig.  50  (p.  515).  The  outline  is 
suggestive  of  a  double  contortion.  The  cap  makes  a  very  clean  curve. 
Sandstone,  A,  overlies  the  quartz,  both  being  penetrated  by  the  dike, 
T.  Underneath  the  quartz  is  slate,  B,  in  which  are  the  spurs  at  C, 
which  replace  the  east  leg.  The  west  leg  is  divided  into  two  por- 
tions, separated  by  slate.     Going  south,  they  are  wider  apart.    The 
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slate  under  the  cap  shows  lines  of  bedding,  and  its  division  from  the 
underlying  sandstone  forms  a  clean,  very  beautiful  arch. 

The  lava  dikes,  which  form  so  marked  a  feature  of  the  section, 
Fig.  45  (p.  513),  have  many  points  of  interest.  A  dike  (varying 
from  12  to  20  inches  in  size)  cuts  through  the  cap  at  the  183-foot 
level.  It  has  a  slight  eastern  dip  which,  on  striking  the  quartz,  is 
changed  for  the  dip  of  the  west  leg,  through  which  it  passes  (it  is 
now  6  to  8  inches  wide)  until  meeting  the  fault,  which  it  then 
follows,  as  the  line  of  least  resistance.  It  underlies  the  formation  at 
C,  and  is  last  seen  in  the  294-foot  cross-cut. 

Another  dike  (4  inches  only  in  width)  comes  down,  keeping  com- 
pany with  a  ^^  leader,'^  cut  near  the  shaft  at  the  294-foot  level.  It 
is  probably  a  branch  from  that  which  follows  the  No.  2  fault,  as 
seen  at  H,  Fig.  45.  This  latter  dike  is  probably  i^in  seen  in  the 
lava  which  strikes  at  Q  against  the  saddle,  following  the  west  leg 
for  a  few  feet,  and  then  cutting  across  the  quartz  to  continue  its 
course  through  the  sandstone  of  the  center-country. 

At  the  363-foot  level,  near  the  plat,  is  seen  the  dike  shown  at  K, 
which  is  also  illustrated  in  Fig.  51  (p.  515).  There  it  is  seen  that  it 
cuts  across  the  bedding  (A  A),  following  a  fissure,  and  that  it  appears 
to  die  out  in  sn/all  threads  at  M  and  N. 

About  5  feet  east  of  this  point  there  is  another  dike,  shown  at  L, 
Fig.  45,  which  is  9  inches  thick,  and  is  continuous  so  far  as  it  is 
seen. 

The  two  faults  encountered  in  this  mine  are  found  again  in  the 
neighboring  mines.  They  get  wider  apart  to  the  north.  In  the 
Carlisle  they  are  divided  by  40  feet  of  country,  while  southward 
they  approach  each  other,  and  in  the  Victory  and  Pandora  Com- 
pany's ground  they  are  seen  to  cross.  I  saw  a  section  of  the  upper 
workings  of  the  Pandora  in  which  these  same  faults  are  readily 
recognizable,  though  they  had  been  misinterpreted  by  the  draughts- 
man. In  Figs.  52  and  53  (p.  517)  ar^  given  two  comparative  sections. 
Fig.  52  is  a  sketch  reproducing  on  a  smaller  scale  the  old  drawing  to 
be  seen  in  the  office  of  the  company.  Fig.  53  indicates  what  appears 
to  me  to  be  the  real  situation.  In  Fig.  52,  8  is  called  the  leader, 
G  the  cap  of  the  saddle,  H  the  west  leg,  and  K  the  east  leg  of 
another  more  complete  formation.  The  lava  dike  follows  a  slide 
which  has  an  irregular  course  through  the  two  bodies  of  quartz. 
Just  below  the  234-foot  cross-cut  the  legs  are  bent. 

Compare  this  with  the  section  of  the  Unity.  The  two  mines  ad- 
join, and  we  know  that  southward  the  two  faults  or  slides  are  ap- 
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proaching  each  other.  Na,w  refer  to  Fig.  53,  where  G  is  the  cap  of 
a  formation,  which,  like  that  of  the  Unity,  of  which  it  is  undoubt- 
edly an  extension,  has  no  east  leg,  while  the  west  leg,  H,  is  faulted 
by  the  two  slides,  A  B  and  C  D.  In  the  Unity  we  saw  that 
the  lower  fault  was  flatter  than  the  other — it  is  so  here,  where 
they  cross.  Below  the  234-foot  cross-cut  we  have  a  partial  dis- 
location due  to  the  fault,  E  F,  similar  to  that  seen  at  M  in  the 
Unity  (Fig.  5,  p.  513).  The  portion,  N,  of  the  formation  corres- 
ponds to  that  shown  at  C  in  the  Unity  section,  while  the  quartz  which 
accompanies  the  dike  at  L  L  is  similar  to  that  which  usually  follows 
the  line  of  the  fault,  as  indicated  in  Figs.  47  and  48  (p.  515.) 

The  question  arises,  which  way  was  the  movement?  The  only 
evidence  in  reply  is  that  obtained  by  noting  which  part  of  the 
country-rock  is  most  shattered.  In  the  Unity  the  country  between 
the  faults  has  been  fissured,  that  west  of  them  less,  and  that  east  of 
them  more.  That  the  west  country  has  not  been  subjected  to  much 
movement  is  shown  by  the  regularity  of  the  formation  in  the  451- 
foot  cross-cut.  It  seems  to  me,  therefore,  that  the  movement  was  an 
upward  one  on  the  part  of  the  country  east  of  the  first  fault,  accom- 
panied by  a  lesser  movement  in  the  same  direction  by  that  which 
lay  between  the  two  faults,  decreasing  westward  until  at  M  it  had 
almost  died  out. 

Other  Indications  of  Structure. 

Having  given  a  description  of  some  of  the  typical  mines  of  the 
distiict,  it  remains  for  me  to  add  such  other  evidence  gathered  in  the 
various  mines  as  bears  most  directly  upon  the  structural  relations  of 
the  ore-deposits. 

Of  the  evidence  offered  by  the  underground  workings,  none  is 
more  beautiful  than  the  ripple-marking  at  the  Johnson's  mine.  This 
is  spen  at  its  best  in  the  1065-foot  north  level.  Figs.  54  and  55  (p. 
519),  are  sketches  made  underground  to  illustrate  it."" 

Fig.  54  was  taken  5  feet  north  of  Fig.  55.  The  crests  of  the 
waves  are  3  to  3|  inches  apart,  the  rock  in  which  they  occur  is  a 
very  hard  sandstone,  shading  into  a  quartz! te,  and  forms  the  footwall 
of  the  reef.  On  breaking  the  face  the  markings  cannot  be  followed 
into  the  next  layer  of  sandstone,  this  being  due  to  the  metamorphism 
which  the  rock  has  undergone,  and  its  cementation  along  the  lines 


*  It  requires  photography^  to  do  justice  to  this  verv  interesting  occurrence.  All 
I  can  do  is  to  give  roughly  an  idea  of  this  striking  evidence  of  the  bedded  character 
of  the  reefs. 
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of  original  deposition.  The  preservation  of  the  ripple-raarks  is  due 
to  the  fact  that  the  sandstone  face  which  shows  them  was  overlain 
by  a  soft  slate,  which  has  since  in  part  been  replaced  by  the  quartz 
of  the  lode.  The  markings  can  be  followed  for  100  feet  in  height, 
and  for  more  than  200  feet  in  length.  The  reef  of  which  this  is  the 
foot-wall  dips  east  about  70°  ;  it  was  in  this  part  of  the  mine  richly 
gold-bearing,  and  it  was  found  in  breaking  the  quartz*  that  it 
broke  with  difficulty,  owing  to  the  resistance  offered  by  the  projections 
of  the  corrugations  which  were  so  striking  a  feature  of  the  stopes.t 
Fig.  61. 


CONTORTIONS  IN  SANDSTONE. 


These  ripple- markings  were  in  east  country ;  those  which  I  saw  in 
the  South  New  Chum  were  in  west  country.  At  the  650-foot  plat 
in  the  latter  mine,  immediately  behind  the  "  west  reef,"  there  is  a 

t  The  ripple- marked  vrall  rormed  "the  8hoolinK-«all,"  that  in,  it  was  utilized  in 
blasting  as  Ihe  line  along  which  the  qtiaria  detached  ilseir  moat  readil.v. 

i  Soon  after  mj  third  visit  to  Sandhurst,  I  saw  an  almont  eincl  duplication  of 
theae  marltings  in  the  sands  oflo  day.  It  was  in  Kew  Zealand.  We  were  tmwiing 
bv  moonlight ;  and  while  pnlting  in  the  net  I  noticed  that  the  sand  forming  the  l>ol- 
tom  of  the  shallow  water  in  which  we  stood  wa^  covered  by  a  series  of  ripple-marks, 
whose  distance  apart  and  little  irregularities  remmbled  those  whicli  I  had  seen  in 
(be  Johnson's  mine ;  but  these  on  which  1  sIihhI  were  of  to-day,  those  were  laid 
down  in  the  estuariea  of  the  Biliirian  seas ;  theae  were  soft  and  yielding,  while  (hose 
had  been  consolidated  into  a  qnarlziiic  sandstone,  now  one  thousand,  and  at  one 
time  many  thousand  feet  below  the  surface. 
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bed  of  sandstone  whose  under  side  shows  a  oast  of  ripple-markings, 
in  other  words  instead  of  getting  ridges,  you  get  hollows,  the  true 
ripples  on  the  underlying  bed  are  not  to  be  seen,  but  the  sandstone 
which  was  deposited  upon  it  still  retains  the  impression,  the  nega- 
tive of  the  face  of  sand  which  it  overspread. 

At  the  Lazarus  mine  is  found  the  formation  shown  in  Figs.  56  to 
61  (pp.  521,  523),  reproduced  from  sketches  taken  in  some  old  stopes 
at  the  bottom  of  a  winze  leading  from  the  1250-foot  east  level.  Fig. 
56  gives  a  general  view  of  the  saddle.  A  A  is  the  cap,  which  is 
not  at  all  regular  in  outline,  and  both  above  and  below  breaks  up 
into  spurs.  The  east  leg  is  cut  off  by  a  fault,  on  which  the  winze 
was  sunk.  The  manager  informed  me  (the  ground  is  filled  up 
now),  that  in  stoping,  it  was  found  that  the  west  leg  also  was  cut  off 
by  this  same  "  slide." 

The  remarkable  feature  of  this  formation  is  the  development  of 
radial  cleavage.  In  the  drawing,  a  a  are  lines  of  cleavage,  6  b  are 
structural  lines  parallel  to  the  bedding.  The  bedding  is  for  the 
most  part  completely  obliterated  by  the  cleavage.  On  careful  search 
the  lines  of  original  deposition  can  be  traced,  but  with  difficulty  and 
only  partially.  The  most  striking  evidence,  however,  is  that  of 
some  extremely  delicate  but  distinct  markings  found  in  the  sand- 
stone underneath  the  arch  of  the  saddle,  markings  which  prove  in 
miniature  the  contortion  to  which  the  rock  has  been  subjected.  They 
are  shown  f  their  natural  size  in  Fig.  61  (p.  523),*  and  their  position 
as  regards  the  saddle  is  indicated  by  X  in  Fig.  56.  The  rock  in  which 
they  occur  is  a  very  fine-grained  sandstone,  the  contortions  being 
rendered  distinct  by  the  alternation  of  dark-  and  light-gray  laminae. 

Fig.  57  was  taken  in  the  winze.  The  slide  S  is  5  feet  wide,  and 
the  slaty  materials  of  which  it  is  composed  are  arranged  parallel  to 
the  bounding  walls.  A  small  quartz-seam  B  is  faulted,t  the  throw 
being  about  four  inches.  It  is  accompanied  by  a  narrow  band  of 
black  slaty  filling.  The  edges  of  the  beds  of  the  country  are  bent 
and  broken  at  their  contact  with  the  walls  of  the  "slide'' — at  D. 

Fig.  58  is  taken  in  center-country,  under  the  saddle.  A  is  a  vein 
of  quartz,  a  spur,  filling  one  of  the  many  fractures  produced  in  the 
bending  of  the  beds ;  a  a  are  lines  of  cleavage,  at  this  point  very 
marked;  6  6  are  quartz-seams  arranged  along  the  structural  lines, 

*  This  might  be  taken  as  the  cross-section  of  a  mountain  ran|2^e;  and  certainly 
these  foldings,  though  only  covering  a  few  inchefij  are  typical  of  the  plication  which 
has  produced  mountain  ranges. 

f  A  fault  within  a  fault. 
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which  are  parallel  to  the  bedding.  This  may  be  called  "secret  bed- 
ding," since  the  fractures  are  doubtless  in  sympathy  with  the  bedding 
and  along  tines  of  original  deposition,  only  now  made  visible  by  the 
fissuring  through  which  relief  was  obtained  at  the  time  of  the  plica- 
tion of  the  rocks. 

Fig.  69  is  in  east  country,  just  above  ihe  slide  or  fault.  In  Fig.  60, 
C  is  slate ;  D,  Elaty  sandstone ;  E,  sandstone.  A  and  B  are  quartz- 
spurs  thrown  off  by  the  east  leg.     At  F  the  cleavage  is  twisted. 

This  formation,  the  several  portions  of  which  have  been  briefly 
descrilted,  throws  a  good  deal  of  light  upon  the  structure  character- 
istic of  saddle-reefs. 

Evidence  of  the  structure  of  the  district  can  be  obtained  without 

Fig.  82. 


Surface-Cut,  Vicloria  Hill, 
going  underground,  since  large  open  cuts  are  numerous  along  the 
main  lines  of  reef.  Several  sketches  made  in  the  surface-excava- 
tions are  shown  in  Figs.  62  to  66,  inclusive.  Figs.  62  and  63  (pp. 
525,  527)  were  both  taken  behind  the  engine-house  of  the  "  180" 
mine  on  Victoria  Hill.  Fig.  63  shows  where  the  quartz  has  been 
for  the  most  part  removed,  leaving  an  arch  overhead.  C  is  dfbrU; 
D,  slaty  sandstone;  while  A  is  a  lava  dike,  the  same  dike  which  is 
repeatedly  seen  nndei^rouud  and  which  forms  one  of  the  most  strik- 
ing features  of  the  deepest  workings,  as  shown  in  Fig.  14  (p.  485.) 

Fig,  62  is  about  100  yards  south  of  Fig.  63,  and  shows  the 
southern  continuation  of  the  same  anticline.  At  B,  the  bedding  is 
very  distinctly  to  the  west,  the  rock  being  "corduroy,"  which 
weathers  very  slowly.     The  country  about  the  apex  of  the  saddle 
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has  undergone  considerable  alteration,  and  only  traces  of  the  original 
bedding  are  now  to  be  seen. 

Fig.  64  (p.  529)  is  taken  in  the  vicinity  of  the  New  Red,  White  and 
Blue  mine.  The  saddle  is  very  sharp  and  distinct.  C  is  an  old 
drift,  while  D  consists  of  material  which  has  been  filled  in. 

Figs.  65  and  66  (pp.  531,  533)  will  appear  curious.  They  are  sec- 
tions of  the  same  anticline,  taken  from  the  opposite  sides  of  a  narrow 
cutting.  The  space  covered  is  only  7  to  8  feet  in  width.*  The 
wavy  lines  are  marked  by  small  seams  of  quartz  which  follow  the 
contorted  bedding  in  the  country-rock.  The  nearly  vertical  veins 
are  interesting  as  indicating  the  fractures  which  took  place  along 
the  axis  of  the  fold. 

This  closes  the  evidence  which  I  offer  as  bearing  most  directly 
upon  the  structural  relations  of  these  very  remarkable  ore-deposits 
of  Sandhurst.  Out  of  the  large  number  of  notes  and  sketches  made 
by  me  while  underground,  I  have  endeavored  to  place  before  the 
Institute  those  which  seemed  most  directly  pertinent.  Instances  in 
which  geology,  particularly  structural  geology,  and  practical  mining 
are  so  closely  allied  can  rarely  be  found.  The  close  relation  which 
they  bear  to  one  another  is  hardly  underntood  by  the  busy  under- 
ground managers  of  the  mines,  save  in  a  few  very  noteworthy  cases ; 
and  this  is  scarcely  to  be  wondered  at,  seeing  that  almost  without 
e:(ception  the  references  to  and  the  descriptions  of  the  Sandhurst 
mines,  meager  as  they  are,  on  the  part  of  geologists,  engineers, 
etc.,  are  quite  incorrect;  their  authors  having  confounded  the  bed- 
ding with  the  cleavage.  Misled  by  the  cleavage,  "  its  mysteriously 
deceptive  harmonies  with  the  stratification  "1[  on  the  east  side  of  the 
saddles,  and  its  often  complete  obliteration  of  the  bedding  on  the 
west  side,  they  have  considered  that  the  east  leg  did  conform  to  the 
bedding,  but  that  the  western  cut  across  it,  that  is,  the  ore-deposits 
were  ** saddles"  in  name  only. 

There  is  one  noteworthy  exception,  namely,  a  short  note  which 
appeared  in  the  quarterly  report  of  the  Mining  Department  of  Vic- 
toria, for  December,  1888,  by  E.  J.  Dunn,  formerly  government 
geologist  of  the  Cape  Colony.     In  that  note  attention  is  directed  to 

*  There  are  several  lai^e  open  cats  behind  the  Victoria  quartz  mine^  and  having 
noticed  that  in  different  parts  of  the  workings  the  country  dipped  east  and  west,  I 
hunted  for  the  turn-over  of  the  saddle.  It  was  only  after  a  second  search  that,  in 
leaving  the  old  excavations  by  a  narrow  road-cutting,  I  found  what  is  represented 
in  roy  sketches.    Recent  rain  had  rendered  the  structure  beautifully  distinct. 

f  Buskin,  in  Schisma  3/ontiufn,  Deucalion, 
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this  point.  Had  it  come  under  my  notice  previous  to  goiug  to 
Sandhurst,  I  should  have  been  spared  much  of  the  difGcuIty  which 
I  experienced  before  the  true  nature  of  the  deposits  became  manifeet.* 

That  the  typical  ore-depoait  of  the  Sandhurat  gold-field  is  »  true 
aDlicline  there  can  be  no  doubt.  As  already  pointed  out,  the  saddle 
is  not  the  only  formation  id  which  the  gold-qimrtz  is  formed,  since 
the  spurs,  backs,  lodes,  etc.,  have  at  all  times  been  resjionsible  for  a 
very  large  share  of  the  output;  but  the  saddle  is  the  distinctive 
form  to  which  the  others  are  for  the  most  part  accessory  and  sub- 
sidiary. 

The  ripple-marks  frequently  observed  undei^uund  are  incon- 
Fig.  63. 


Open-Cut,  Showing  Saddle,  Vicloria  Hill, 
trovertlble  evidence  of  the  original  position  of  the  beds.  That,  for 
instance,  the  east  leg  of  the  big  saddle  in  the  Johnson's  follows  the 
true  line  of  tftratifi cation,  is  amply  proved  by  the  very  beautiful 
markings  seen  in  the  1060-foot  level.  Similarly,  ripple-marks  are 
seen  on  the  faces  of  beds  dipping  west.  Other  no  less  conclusive 
though  leas  striking  evidence  has  been  given  in  the  descriptions  of 
the  various  mines. 

Mining  is  a  commercial  business  and  not  a  scientiGc  pursuit.  The 
following  of  a  lode  on  its  dip  ceases  whenever  the  quartz  which  it 

*  In  Tigiting  Sandhurat  one  usuallj  goea  firsL  to  Ihe  more  famouB  mines  on  Vic- 
loria Hill,  aiicb  as  the  celebrated  "  180"  mine  and  olhera  near  iL  Itso  happens 
(hat  in  theee  mines  the  structure  of  tlie  oountry-rock  is  most  hidden,  t>ecau9e  the 
cleavage  ia  most  highly  developed.  The  Bmaller  mines  at  the  other  end  of  the  field 
ahow  Ihe  true  chanicler  of  the  oredeposils  far  more  clearly.  Among  ihe  latter  the 
South  New  Chum  baa  been  described  here. 
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contains  is  no  longer  auriferous ;  and  as  a  consequence  the  mine- 
workings  rarely  disclose  the  ultimate  limits  of  the  lower  portions 
of  a  saddle-formation.  Lower  cross-cuts  will  intercept  a  thin  but 
pronounced  parting  in  the  country, a  "back"  which  could  be  traced 
upward  until  it  formed  the  boundary  of  a  big  lode  or  "  reef;"  or 
they  may  cut  through  a  "  spur/'  which  if  followed  would  be  found 
to  lose  itself  in  an  east  or  west  leg,  the  distinction  in  the  two  cases 
being  solely  that  of  conformity  with  the  bedding  of  the  country- 
rock.  Where  the  legs,  as  parts  of  a  saddle-formation,  end,  and 
where  they  become  one  or  other  of  the  various  types  of  crass-fissnre, 
no  man  can  say.  It  may  be  considered  that  whenever  they  lose 
their  true  character  as  bedded  veins  they  cease  to  be  the  lower  por- 
tions of  a  saddle;  but  the  distinction  is  theoretical  and  arbitrary; 
for  the  gold  knows  no  difference  and  is  found  in  both. 

The  same  system  of  fracturing  may  produce  in  one  part  of  the 
mine  a  "  big  reef,"  a  leg  of  a  saddle  which  is  highly  auriferous,  while 
overhead*  in  another  part  it  may  be  a  mere  fissure,  carrying  no 
quartz,  and  lined  only  with  a  thin  seam  of  black  clay,  which  cuts 
across  the  country  overlying  the  saddle.  Again  at  a  lower  depth, 
while  still  retaining  its  characteristics  as  a  portion  of  a  saddle,  it 
may  carry  quartz  which  is  not  sufficiently  gold-bearing  to  work,  or 
it  may  slowly  degenerate  into  a  **  leader,"  if  the  quartz  continue,  or 
a  "back  "  when  even  that  has  ceased,  becoming  nothing  more  than  a 
parting  between  a  bed  of  sandstone  and  a  bed  of  slate.  Again,  it 
may  eventually  cross  the  bedding,  cease  to  be  a  true  "  leg,"  and 
become  a  gold-bearing  "spur";  and  finally  it  may  be  traced  into  a 
mere  thread  of  white  quartz,  one  of  many,  traversing  a  bed  of  sand- 
stone. 

To  make  nice  distinctions  would  be  arbitrary  and  out  of  accord 
with  the  facts ;  the  same  fissure  in  one  mine  plays  many  parts. 

While,  therefore,  I  would  not  say  that  the  legs  of  a  saddle-forma- 
tion never  go  astray  from  their  correct  course  between  the  bedding 
planes,  such  an  occurrence  would  be  found  only  when  they  are  begin- 
ning to  die  out,  and  does  in  no  way  modify  our  view  of  the  true  nature 
of  the  "  saddle-reef,'*  which,  notwithstanding  interesting  local  varia- 
tions of  structure,  is  a  distinct  tyf>e  of  ore-deposit — essentially  travers" 
ing  the  Silurian  slates  and  sandstones  in  conformity  with  the  bed- 
ding, and  forming  along  the  anticlinal  undulations  of  the  enclosing 
country  those  bodies  of  gold-bearing  quartz  which  are  the  most  pecu- 

*  See  Fig.  21  (p.  489),  where  an  instance  of  this  kind  is  shown  in  the  South  New 
Chum. 
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liar  feature  of  (he  mining  industry  and  the  most  valuable  depository 
of  Ibe  wealth  of  the  Bendigo  gold-lielil. 

Mikb-Makaqeuent. 

Fig.  67  (p.  536)  is  a  view  of  the  New  Chum  line  of  reef  from  Eagle- 
hawk,  copied  from  the  quarterly  mining  report  of  the  Victorian 
government. 

There  are  at  present  engaged  in  the  exploitation  of  the  mines  143 
com{)anies  and  21  tribute-parties,  the  former  including  four  private 
mines.  The  gold-field  has  been  developed  by  the  energy  of  it^  own 
people,  the  amount  of  outside — chiefly  Melbourne — money  invested 
being  comparatively  small.  Sandhurst  has  profited  greatly  by  the 
enterprise  and  Ruc(«s8  of  one  or  two  mine-ownem,  such  as  the  late 
J,  B  Watson  and  the  present  owner  of  the  "  IJiO  "  mine;  but  its 
development  has  been  retarded,  on  the  other  hand,  by  the  prevalence 

Fig.  64. 


SaHkce-Eic«Tation,  New  BeA,  While  »nd  Blue  Mine, 
of  one  of  the  worst  systems  of  comjHiny-linnnciering,  The  actual 
management  of  the  mines,  both  above  and  under  ground,  is  in  the 
hands  of  capable  and  careful  men;  but  they  are  hampered  by  the 
■fact  that  reserve  capital  is  almost  unknown.  Of  the  28  dividend- 
paying  companies  of  1890,  four  appear  also  on  the  call  list.  That 
is  (o  say,  tliese  four  companies  both  levied  calls  and  dii^bursed  divi- 
dends during  the  year.  A  series  of  fortnightly  six|>enny  dividends 
may  be  followed  by  a  number  of  fortnightly  calls,  supplemented 
by  a  bank -overdraft — a  state  of  aflairs  which  may  swell  the  volume 
of  business  and  keep  a  number  of  clerks  employed,  but  which,  to 
say  the  least,  is  quite  unbusinesslike  and  highly  prejudicial  to  the 
proper  development  of  mines  which  require  extensiveand  systematic 
exploration.  The  fortnightly  dividend  is  the  bane  of  Bendigo, 
Whenever  a  rich  saddle-formation  is  discovered,  all  haste  is  made  to 
open  it  up;  as  soon  as  the  cross-cuts  and  drifls  have  intersected  the 
ore,  stoping  is  at  once  commenced,  the  quartz  being  broken  away  as 
VOL.  IX.— 3* 
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rapidly  as  possible,  while  all  development-work  is  for  the  time  prac- 
tically suspended.  The  results  of  a  few  crushings  enable  the  di- 
rectors to  pay  off  the  bank-overdraft  and  enter  upon  the  regular 
announcement  of  dividend  after  dividend,  at  intervals  of  a  week  if 
a  fortnight  seems  too  long  I  No  part  of  the  profit  is  laid  aside  as  a 
reserve-fund,  and,  as  a  consequence,  when  the  ore-body  is  worked 
out,  the  dividends  abruptly  cease,  and  the  bank-account  is  overdrawn 
to  pay  running  expenses,  until  it  is  necesHary  to  call  upon  the  share- 
holders for  fresh  asseasments.  This  foolish  round  of  alternating 
Furplusand  deficit,  of  squandering,  borrowing  and  taxing,  has  gone 
on  year  after  year,  notwithstanding  some  of  the  more  thoughtful 
managers  are  fully  aware  of  its  harmful  character.  The  result  may 
be  seen  in  the  cases  of  minrs  which  divided  in  profits  a  few  years 
ago  sums  varying  from  £100,000  to  over  £250,000,  and  are  now 
almost  idle  for  want  of  funds  to  open  up  new  ground.  The  imme- 
diate distribution  of  profits  leads  to  a  continual  change  in  the  per- 
aonnel  o{  the  shareholders,  so  that  a  mine  when  poorest  may  be  owned 
by  men  who  had  no  share  in  the  property  when  it  was  most  produc- 
tive. Mining  is  thus  brought  down  to  the  level  of  mere  specula- 
tion— ^an  evil  not  unknown,  under  different  forms,  in  other  districts, 
and  certain  everywhere  to  cripple  the  legitimate  industry  of  mining. 
The  management  of  the  mines  is  controlled  by  the  directors,  the 
"  legal  manager  "  and  the  "  mine-manager."  Since,  as  a  rule,  these 
are  all  resident  in  the  vicinity,  and  exercise  more  or  less  direct  super- 
vision, it  is  largely  a  question  of  (lersonal  inflvience  which  is  iu  the 
ascendant.  A  mine-manager,  as  known  to  English  companies, 
that  is,  a  manager  of  all  the  mining  work,  or  a  superintendent,  as 
known  in  the  United  States,  is  not  found  on  this  gold-field.  The  re- 
sponsibility of  superintendence  .is  much  8catten*d.  The  '^  mine-man- 
ager "  receives  the  pay  of  a  foreman— about  £20  or  $100  per  month. 
The  '^  legal  manager  "  is  the  business  man  and  book-keeper.  The 
directors  control  the  policy  of  the  company,  and  also  do  much  of 
the  work  often  delegateti  elsewhere  to  a  consulting  engineer.  Such 
a  thing  as  a  trained  mining  engineer  is  not  to  be  found  upon  the 
staff  of  any  of  the  companies ;  and  the  work  done,  as  a  conse- 
qence,  lacks  progressive  character.  The  actual  mining  work  under 
ground  leaves  nothing  to  be  desired.  It  is  carried  out  under  the  eyes 
of  men  whose  superiors  as  miners  cannot  be  found  ;  but  a  want  of 
system  is  to  be  observed  in  the  development  of  the  mines. 
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Treatment  op  the  Ore. 

The  handling  of  the  ore  in  the  mills  is  far  from  satisfactory.  The 
explanation  is  simple.  Of  the  managers  of  27  mines  which  I  exam- 
inedy  the  names  of  26  indicated  the  fact  that  they  hailed  from  the  west  of 
England,  while  the  other  two,  though  native-born,  were  of  the  same 
stock.  The  men  of  Devon  and  Cornwall  are  miners  second  to  none; 
but  they  make  the  most  unprogressive  of  mill-men. 

The  gold-ore  of  this  field  belongs  to  the  simplest  type  of  the  free- 
milling  cl&ss.  As  a  rule,  it  consists  of  white  quartz  carrying  a  very 
small  proportion  (from  0.25  to  1  per  cent.)  of  arsenical  pyrites.  Iron 
and  copper  pyrites,  blende  and  galena  are  also  frequently  present, 
but  in  very  inconsiderable  amount.  The  gold  varies  greatly  in 
its  mode  of  occurrence,  but   is    usually    coarse,  in   the   rich    ore 


Anticline  with  Curious  Markings,  near  the  Victoria  Quartz  Mine. 

almost  invariably  visible,  and  of  uniformly  high  purity,  being 
worth  £3  lis.  Od.  to  £3  19^.  Od.  per  ounce — pure  gold  being  worth 
at  the  London  mint  £4  4«.  ll^d. 

The  quartz  itself  is  usually  dead-white,  with  an  appearance 
whioh,  in  California,  would  he  considered  most  unfavorable  to  the 
presence  of  gold.  It  has  a  splintery  fracture,  rendering  it  easyj 
to  break.  The  mill-stuff  consists  of  the  quartz  mixed  with  from 
one-third  to  over  one-half  of  vein-filling  and  country-rock,  which 
varies.  The  ratio  in  amount  of  slate  to  sandstone  and  the  con- 
sequent hardness  of  the  material  to  be  crushed  is  constantly 
changing.  It  is  the  fragments  of  excessively  hard  quarzitic  sand- 
stone which  cause  most  wear  and  tear  to  the  milling-machinery. 

Stamp-milling  of  the  simplest  kind  Is  the  method  employed  to 
extract  the  gold.     The  mills  are  constructeil  on  the  spot  by  excellent 
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local  foundries,  at  a  prioe  asually  far  below  what  is  paid  in  the 
western  United  States.  A  first-class  stamp-mill  of  40  heads,  engine 
and  shed  included,  with  shaking-tables  but  without  rock-breaker  or 
automatic  feeder,  can  be  contracted  for  at  from  £6000  to  £7000 
or  about  $30,000.  The  battery-frame  is  generally  of  iron. 
Whether  this  mode  of  construction  is  advantageous  to  the  work 
of  the  mill  is  open  to  doubt.  Both  the  breaking  and  the  feed- 
ing of  the  ore  are  done  by  hand,  and  in  this  respect  the  mills  of 
Sandhurst,  in  common  with  most  of  the  colonial  batteries,  are  a 
standing  disgrace  to  the  modern  mining  industry.     Inside  plates  are 

I  not  used.     Plain,  not  electro-silver-plated,  copper  plates  are  used 

to  arrest  the  gold  on  amalgamating  tables.  Blankets  precede  the 
shaking-tables,  which  have  the  end-shock,  and  are  a  variation  of  the 
much-used  Rittinger  type. 

I  The  stamps  weigh  from  800  to  950  pounds  per  head ;  drop  8  to  9 

inches,  usually  70  to  75  times  per  minute,  and  crush,  as  a  rule,  about 
2  tons  per  head  per  24  hours.  The  depth  of  discharge  or  i&sue  va- 
ries widely,  but  the  average  is  about  3  to  3^  inches.  The  screen  or 
grating  is  made  of  round-punched  Russia  iron,  having  120  to  180 
holes  per  square  inch.     The  bullion  is  from  940  to  960  fine. 

The  percentage  of  concentrates  varies  from  |  to  2  per  cent,  per 
ton  of  ore  milled.  These  are  treated  at  the  local  "pyrites  works," 
of  which  there  are  several ;  the  method  of  extraction  varying  from 
arrastra  to  chlorination.  The  charge  is  generally  £3  per  load  of  25 
to  30  cwt. 

A  discussion  of  the  milling-practice  in  detail  and  from  a  technical 
standpoint  would  be  interesting  and  instructive;  but  I  must  content 
myself  in  the  present  paper  with  the  above -indication  of  its  general 

i  character. 

Government  Assistance. 

The  serious  decline  in  the  output  of  gold  in  Victoria  has  led  to 
the  introduction  of  government  assistance  to  mining.  Whether  this 
course  has  done  good  or  harm  is  a  vexed  question.  In  the  hope  of 
giving  renewed  vigor  to  the  mining  of  the  colony,  the  Victorian  gov- 
ernment has  distributed  for  several  years  sums  amounting  to  £80,- 
000  |>er  annum,  the  intention  being  to  encourage  exploration.  A 
miner,  a  group  of  miners,  or  a  company  needing  funds  to  proceed 
with  a  cross-cut,  a  level  or  a  shaft  to  cut  a  known  lode,  or  to  explore 
for  a  suspected  one,  makes  application  before  a  local  committee, 
elected  by  the  miners,  and  called  the  Prospecting  Board.     This  body 
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reports  it  favorably  or  otherwise  to  the  Secretary  for  Mines.  Out 
of  a  large  number  of  applications  submitted,  the  most  promising  and 
deserving  are  selected.  The  terms  of  the  grant  are  '^  pound  for 
pound ;"  that  is,  for  a  grant,  say  of  £5009  there  must  be  another 
£500  furnished  by  the  applicants,  making  £1000  available  for  the 
particular  work  (and  that  only)  designated  in  the  application. 

Such  prospectiug-grants  are  now  generally  condemned.  Beyond 
question  the  system  has  completely  failed  to  bring  about  fresh  dis- 
coveries by  prospecting.  I  have  seen  its  operation  in  different  parts 
of  the  colony,  particularly  in  the  mountainous  districts  which  have 
been,  as  yet,  least  prospected ;  and  the  result  appears  to  have  been 
only  to  pauperize  mining.  It  is  always  understood,  that  should  the 
subsidized  party  succeed  in  placing  the  assisted  mine  in  a  dividend* 

Fig.  66. 


Anticline,  from  Opposite  Side  of  same  Cutting  as  Fig.  65. 

paying  condition,  the  amount  of  the  grant  should  be  repaid  to  the 
government  from  the  first  profits.  This  has  been  done  in  instances 
so  few  as  to  be  remarkable. 

On  the  other  hand,  this  annual  dole  has  done  harm  by  encouraging 
that  improvidence,  whether  of  companies  or  of  individuals,  which  is 
the  chief  hindrance  to  systematic  mining.  It  has  long  been  a  bad 
feature  of  colonial  mining,  as  I  have  shown  above,  that  no  portion 
of  the  profits  is  put  aside  as  a  reserve  to  carry  on  the  work  of  devel- 
opment during  lean  years;  and  this  prospecting-grant  encourages 
that  evil.  Having  been  too  eager  for  dividends  to  provide  for  the 
time  when  the  reef  might  '^  pinch  out,"  the  mine-owners  fall  back 
upon  the  fatherly  assistance  of  a  benevolent  government.  Mining 
is  a  business ;  and  if  a  mine  has  sound  prospects  of  success  it  is  very 
rarely  indeed  that  the  money  is  not  forthcoming  to  carry  on  the  work 
of  development.     The  money  thus  distributed  could  be  far  better 
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employed  in  the  endowment  of  a  good  central  mining  school,  to  re- 
place the  seoond-rate  technical  institutions  which  at  present  usurp 
the  name. 

Prospecting  with  the  aid  of  the  diamond-drill  may  be  said  to  form 
a  part  of  the  scheme  of  governmental  assistance. 

During  the  past  year,  some  interesting  work  in  this  direction  has 
been  carried  out  at  Sandhurst.  At  the  invitation  of  Mr.  George 
Lansell,  who  offered  to  provide  the  necessary  compressed  air  and 
other  facilities,  the  Victorian  mining  department  decided,  toward 
the  end  of  1889,  to  put  down  a  series  of  bore-holes  from  the  bottom 
of  the  celebrated  'M80"  mine,  which  had  then  reached  a  depth  of 
half  a  mile.  The  machine  used  was  Leschot's  patent,  manufactured 
in  San  Francisco,  the  core  being  1^  inch  in  diameter.  Four  holes 
were  put  down,  ha v\ng  an  aggregate  length  of  2335  feet  The  record 
of  each  was  as  follows : 

No.  1.  Bored  horizontally  eastward  from  a  point  in  the  1300-fbot 
level  197  feet  east  of  the  shaft.  Length,  683  feet.  Commenced 
January  16j  and  finished  March  17, 1890.  Alternating  beds  of  slate 
and  sandstone  were  intersected  with  occasional  thin  seams  of  quartz. 
No  information  of  any  value  was  obtained,  and  the  drilling  was 
stopped  by  a  strong  flow  of  water,  preventing  the  sufficiently  rapid 
removal  of  the  sediment  from  the  bit. 

No.  2.  Bored  downward  to  a  depth  of  453  feet,  with  an  inclina- 
tion of  9  inches  in  16  feet,  from  center-country  in  the  2600-foot 
crass-cut  The  ground  varied  greatly  in  hardness,  and  finally  be- 
came broken  up,  when  water,  having  a  temperature  of  97°  F.,  and 
under  a  pressure  of  110  pounds  per  square  inch,  was  strnck.* 

*  While  the  diamond-drill  was  at  work,  a  good  deal  of  notice  was  drawn  to  the 
heat  of  the  water  encountered  in  boring  at  the  bottom  of  the  ''ISO"  mine.  The 
thermometer  showed  an  average  of  97^  F.»  and  at  one  time  a  maximum  of  107^  was 
reached,  as  recorded  by  three  instruments.  This  was  at  a  depth  of  450  feet  below 
the  2600-foot  level  or  3050  from  surface.  This  temperature  is  by  no  means  sur- 
prisingly high.  The  average  annual  mean  temperature  at  Sandhurst  is  60.2°  F., 
and  allowing  for  an  increment  of  1°  for  every  55  feet,  we  should  expect  at  450  feet 
a  temperature  of  about  115°  F,  which  agrees  fairly  well  with  the  facts  as  disclosed 
in  the  "180"  mine.  However,  the  matter  was  considered  of  sufficient  interest  to 
induce  a  thorough  examination  by  the  government  analyst,  Cosmo  Newberry,  of  the 
contents  of  the  water  so  obtained.  To  this  end,  two  and  a  half  tons  of  the  water  was 
evaporated  down  to  10  gallons,  care  being  taken  to  keep  out  impurities,  and  8125 
grains  of  solid  matter  remained,  mostly  carbonate  of  iron.  Assays  were  made,  bat 
nf>  gold  was  obtained,  though  a  trace  of  a  metal  of  the  platinum  group  was  given  by 
the  precipitated  material.  The  results  were  disappointing,  in  failing  to  throw  light 
on  the  occurrence  of  the  gold  in  the  quartz  formation.  The  annual  miniiig  report 
of  the  department  says  that  a  further  (optical)  examination  is  to  be  made. 
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No.  3.  Bored  at  a  slight  inclinatioo  below  horizontal  for  636  feet 
westward  from  the  plat  at  the  2500-foot  level.  It  intercepted  several 
veins  of  quartz^  the  largest  of  which,  however,  was  only  9  inches 
thick. 

No.  4.  Bored  nearly  vertical  (inclining  only  slightly  to  the  west) 
at  a  |x>int  30  feet  west  of  No.  2,  in  the  2600-foot  cross-cut,  to  the 
depth  of  562  feet  below  the  level,  or  3162  feet  below  the  surface. 
It  paased  through  about  200  feet  of  sandstone,  as  well  as  several 
beds  of  quarlzitic  sandstone,  and  cuts  several  series  of  small  quartz- 
veins.  Hot  water  under  considerable  pressure  interfered  with  prog- 
ress, as  in  the  ease  of  No.  2,  though  the  temperature  in  this  instance 
was  lower. 

The  result  of  these  borings  was  practically  nil.  No  discoveries 
of  importance  were  made;  and  it  is  doubtful  whether  the  drilling 
had  even  a  negative  value  in  proving  the  absence  of  auriferous 
quartz  in  that  portion  of  the  country  which  it  was  attempted  to  test. 
If  relied  upon  as  a  prospecting  instrument  under  such  conditions,  the 
diamond-drill  is  likely  to  do  serious  harm  by  causing  the  condem- 
nation of  large  areas  of  what  may  be  good  mining  ground.  In 
strata  possessing  regularity  and  continuity,  such  as  the  coal-seams ; 
in  the  determination  of  the  thickness  of  certain  beds  overlying 
known  deposits,  such  as  the  sheets  of  basalt  over  the  '^deep  leads  ^' 
of  California  and  Victoria ;  in  the  tapping  of  old  workings  which  are 
under  water;  in  the  measurement  of  large  ore-bodies  (as  was  done  in 
the  ca<^  of  the  great  bonanza  at  Virginia  City) ;  and  in  many  other 
instances,  no  doubt,  the  diamond-drill,  if  judiciously  employed,  is  a 
most  useful  aid  to  the  miner;  but  in  quartz-mining  in  general,  and 
in  such  districts  as  Bendigo  in  |)articular,  it  is  often  likely  to  do  irre- 
trievable harm  by  fostering  delusive  hopes  on  one  hand  or  by  un- 
necessary discouragement  on  the  other. 

To  support  this  view,  it  is  not  necessary  to  go  outside  Victoria. 
In  the  discovery  of  coal-seams  and  the  exploration  of  deep  beds  of 
auriferous  alluvium,  the  diamond-drill,  under  the  judicious  direction 
of  the  government  geologist,  has  been  very  successful ;  but  it  has 
proved  a  very  mixed  and  doubtful  blessing  indeed  to  quartz-mining. 
In  the  Sandhurst  district,  the  peculiar  structure  of  the  ^'saddle- 
reefs/'  and  the  comparatively  short  extent  of  most  of  the  bodies  of 
gold-bearing  quartz,  are  extremely  unfavorable  for  tests  of  this 
character.  This  is  particularly  true  of  horizontal  holes,  which 
might  penetrate  the  immediate  neighborhood  of  rich  formations 
without  discovering  them.     If  the  drill   is  to  be  used  at  all,  the 
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dangers  attendant  upon  its  use  should  be  minimized  by  planning  a 
series  of  holes  close  together,  so  as  to  test  thoroughly  and  satisfac* 
toriljy  at  least  a  small  portion  of  ground. 

Dimensions  of  Claims. 

Among  the  interesting  features  of  this  gold-field  is  the  small  area 
of  the  claims.  The  following  table  gives  the  areas  of  eleven  con- 
tiguous properties  on  the  New  Chum  "  line  of  reef."  The  claims 
are  of  very  irregular  8ha|)e  (see  Fig.  7,  p.  477),  and  in  some  cases 
the  length  of  the  tra<«t  is  much  greater  than  the  figures  given,  but 
for  purposes  of  comi^arison  the  measurement  is  taken  along  the 
supposed  line  of  the  New  Chum  reef. 


Area  IS  and  Depths  of  a  Group  of  Mines,  Viototna  Hilly  Bendigo. 


Name  of  Mikb. 


Area  of  the 
Property. 


Ironbark  Quarts J    4 


Acres  R.     P. 


Victoria  Contois 

Gt.  Central  Victoria 

Victoria  Reef  Quartz 

Langell's  "180" 

North  OM  Chiiro 

New  Chum  and  Victoria. 
Old  Chum 


Lazarus  Co.,., 
Lazarus  No.  1. 


} 


Lansell's  "  222  ". 


22 
10 

7 
14 

2 

13 
11 

22 

16 


1 
3 
1 
0 
1 
1 
3 
2 

1 

0 


36 
15 
17 
25 
12 
25 
12 
32 

7 

f 

19 


Length  along 

strike 

of  reef. 


Yards. 
220 

259.6 

250.8 

14a8 

171.6 

88 

110 

110 

122  \ 
122/ 

99.4 


Depth  of 
Shaft 


Feet 
2140 

2162 

1970 

2302 

2641 

2310 

2300 

2208 

2173 

2100 


It  will  be  seen  that  the  average  area  of  each  property  is  but  a 
little  over  11  acres;  that  one  of  the  claims,  having  an  area  of  only 
two  acres,  has  working  over  2300  feet  deep ;  and  that  the  ten  shafts 
belonging  to  eleven  companies  have  an  average  depth  of  2230  feet, 
and  are  distributed  over  a  total  distance  of  less  than  a  mile  along 
the  strike  of  the  lode.  The  small  area  of  theise  properties  is  prima- 
rily a  relic  of  the  early  days  when  the  claims  consisted  of  twenty 
yards  ''along  the  line  of  reef  for  two  men.  A  certain  amount  of 
c-onsolidation  followed  on  the  initiation  of  deep  mining;  but  this  was 
limited  to  the  immediate  needs  of  the  time,  and  has  long  since  been 
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outgrown  by  the  very  extensive  exploration  of  more  recent  year?. 
A  circumstanoe  permitting  the  working  of  these  small  areas  is  the 
absenoe  of  any  large  quantity  of  water  in  the  mines.  In  the  par* 
ticular  group  of  properties  cited  above  there  is  not  a  single  pump. 
The  little  water  that  finds  its  way  into  the  workings  is  raised  with 
tanks  alone.  At  the  ^^180/'  the  deepest  mine  in  Australia^  3000 
gallons  are  hoisted  per  24  hours. 

The  largest  areas  held  by  mining  companies  are  as  follows: 

Acres.  Rods.  Perches. 

Hercules  and  Energetic, 85         3  17 

Johnson's  Reef, 71         2  21 

Catherine  Beef  United, 6n  3  12 

New  Bed,  White  and  Blue  Cons 41         3  27 

Garden  Gully  United, 41         3  0 

It  is  seen  that  even  the  largest  properties  are  of  a  size  which  would 
be  considered  small  in  many  districts.  It  must  be  admitted,  how- 
ever, that  the  holding  of  an  extensive  acreage  does  not,  in  Sand- 
hurst, necessarily  mean  extensive  explorations;  since,  by  reason  of 
the  want  of  working-capital,  most  of  the  companies  confine  their 
operations  to  such  portions  of  their  holdings  as  are  in  the  immediate 
vicinity  of  the  main  shaft.  This  bad  feature  of  the  mining  work 
will  be  slowly  overcome,  no  doubt,  by  further  consolidation.  The 
twin  Lazarus  Companies  have  set  a  good  example  by  sharing  one 
working-shaft;  and  a  recent  attempt  to  consolidate  the  North  Old 
Chum  and  the  New  Chum  and  Victoria,  though  unsuccessful,  may 
be  taken  as  an  indication  of  the  growth  of  a  proper  appreciation  of 
the  necessity  for  such  measures. 

Deep  Mining. 

The  list  of  deep  mines  just  given  suggests  the  general  subject  of 
deep  sinking,  a  feature  of  mining  at  Bendigo  to  which  reference  is 
often  made  in  the  colonies.  This  practice  owes  its  beginning  to  the 
"180"  mine.  When  the  mine  was  purchased  in  1873,  the  shaft 
was  only  400  feet  deep,  but  the  neighboring  North  Old  Chum,  New 
Chum  and  Victoria,  Old  Chum,  and  Lazarus,  were  doing  well  on  a 
reef  which  traversed  the  mines  from  600  to  700  feet  below  the  sur- 
face. The  sinking  of  the  shaft  of  the  '^  180  "  mine  was  commenced. 
At  about  600  feet  £120,000  of  gold  was  won.  Sinking  was  con- 
tinued in  the  face  of  much  ridicule,  and  slowly  the  mine  attained  a 
depth  which  in  those  days  was  considered  very  great.  Much  money 
was  expended  without  any  return,  until,  in  1883,  after  ten  years  of 
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steady  development,  the  top  of  the  saddle  was  cut  in  the  1548-foot 
level.  An  ore-body  of  extraordinary  richness  was  uncovered,  and 
stoping  b^an  ;  bnt  the  sinking  of  the  shaft  continued.  The  Mel- 
bourne Argus  of  that  day  said  :  "  The  success  of  this  venture  in  deep 
mining  decides  the  prosperity  of  Sandhurst  for  a  further  decade  at 
least."  The  mine  is  now  2641  feet  deep.  The  success  of  deep 
prospecting  having  been  proved  in  this  trial-instance,  imitators  were 
not  wanting ;  and  there  were  soon  several  mines  competing  for  the 
record  of  greatest  depth.  Deep  sinking  developed  into  a  craze 
which  seemed  at  one  time  likely  to  do  serious  injury  to  the  proper* 
exploitation  of  the  mines.  The  result  is  seen  to-day  in  the  18 
shafts,  each  of  which  has  a  depth  of  over  2000  feet. 

Among  the  causes  of  this  state  of  things  the  structure  of  the  ore- 
deposits  may  be  named  first.  The  Bendigo  miner  has  an  embarras 
de  richesse  in  the  matter  of  quartz-formations.  Should  a  saddle  be 
intercepted,  the  first  crushing  from  which  yields  scarcely  enough  gold 
to  pay  expenses,  it  is  soon  left  on  one  side  in  the  search  for  the  next 
formation,  which  is  usually  not  far  below.  Below,  not  ahead,  for, 
instead  of  longitudinal  extension,  the  miner  on  this  gold-field  looks 
for  a  vertical  repetition  of  the  auriferous  formations.  Did  each  mine 
uncover  one  lode  only,  there  would  be  more  extensive  and  patient 
prospecting  at  any  one  given  level ;  but,  as  matters  stand,  the  ex- 
ploration is  not  so  thorough  as  it  should  be,  for  the  reason  that  it  is 
divided  among  several  levels. 

The  most  potent  cause  is,  however,  poen  in  the  success  of  the  deef) 
mines.  Deep  sinking  has'  not  drawn  blanks  alone,  but  many  priz^s, 
such  as  the  bonanzas  of  the  Great  Extended  Hustlers,  at  1800  feet ; 
the  New  Chum  Consolidated,  at  1810;  the  Shenando^ih,  at  1900; 
the  Lazarus,  at  2000;  LanselFs  "  222,"  at  2000;  the  New  Chum 
Railway,  at  2025 ;  and  the  North  Old  Chum,  at  2290  feet.  As  I 
have  said,  there  are  1 8  shafts  over  2000  feet  in  depth.  They  belong  to 
20  companies,  there  being  two  instances — the  twin  Shenandoah  and 
the  twin  Lazarus  companies — where  one  main  working-shaft  is  used 
in  common.  Out  of  these  20  companies,  7  are  upon  the  dividend- 
list  ;  or,  to  inquire  further^  4  are  working  quartz  which  is  highly 
auriferous  and  6  are  breaking  ore  which  is  yielding  profits,  while  of 
the  remaining  ten,  nine  are  in  that  process  of  prospecting  and  develop* 
ment  which  here  succeeds  (though  it  ought  to  accompany)  a  period 
of  stoping,  and  one  is  idle.  This  is  a  record  above  the  average  of  even 
shallow  mining. 

The  actual  yield,  during  1890,  of  the  deepest-producing  mines  is 
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given  in  the  following  table,  based  upon  the  quarterly  report  of  the 
Victorian  Mining  Department : 


Name  op  Mws. 


Gt.  Extended  Hustlent... 

Lazarus  Company 

Lazarua  No.  1 *,., 

Lanaeirs  "  222" 

New  Chum  Con 

New  Chum  United 

New  Chum  Railway 

Shenandoah 

North  Shenandoah 

Shamrock 

North  Old  Chum 

Kentish 


ToUls 

Averages 


33*8 


Tons. 


16,612 
6,232 
7,282 
3,454 

18,721 
9,797 
7,325 
7,474 
1,048 
2,496 
1,752 
3,117 


85,310 


Yield. 


Oz. 


3,780 
5,059 
3,665 
2,510 
5,153 
2,243 
10,371 
5,039 
948 
1,446 
1.169 
1,183 


42,571 


Dwt. 


4 

0. 
16 

2 
14 
10 
17 

3 

3 
19 
13 
13 


15 


Qr. 


0 
0 
0 
0 
0 
0 

12 
0 
0 

21 
0 
0 


Ayemge. 


Oz. 


9 


0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 


Dwt. 


4 

16 

10 

14 

5 

4 

8 

13 
18 
11 
13 
7 


9 


Qr. 


13 

6 

1 

12 

12 

14 

8 

11 

2 

5 

8 

14 


23 


Depth 

of 
Stopei. 


Feet. 


1,800 
2,000 
2,000 
1,950 
1,800 
1,900 
2,025 
1,990 
1,990 
1,800 
2,290 
1,800 


23,345 
1,945 


Depth 

of 
Shaft 


Feet 


2,040 
2,110 
2,110 
2,105 
1,850 
1.940 
2,078 
2,010 
2,010 
1,840 
2,310 
2.113 


24,516 
2»043 


Leaving  on  one  side  numerous  small  lots  of  ore,  and  taking  into 
account  only  the  results  obtained  from  12bf  the  deepest  mines  which 
were  working  regularly,  it  is  found  that  during  the  year  these  dozen 
claims  yielded  85,310  tons  of  ore,  giving  42,571  ounces  or  an  aver- 
age of  10  pennyweights  per  ton,  the  average  depth  at  which  the  ore 
was  broken  being  1945  feet. 

All  but  one  of  these  mines  are  on  the  dividend-list  We  must 
inquire  further  in  order  to  arrive  at  a  just  appreciation  of  the  signifi- 
cance of  this  analysis.  Of  these  12  mines,  11  are  paying  dividends 
on  ores  broken  at  an  average  depth  of  about  2000  feet  There  are 
a  similar  number,  working  at  an  equal  average  depth,  which  are  not 
at  present  making  profits.  It  is  most  probable  that,  during  an  in- 
terval of  a  year  fully  a  third  of  the  former  will  step  into  the  ranks 
of  the  latter;  that  is  to  say,  they  will  cease  to  break  highly  aurifer- 
ous quartz  and  become  prospectors  for  a  new  run  of  ore-ground, 
while,  on  the  other  hand,  an  approximately  similar  number  will 
replace  them  from  the  list  of  mines  which  at  present  are  in  process- 
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of  developraent.  We  see,  then,  that  at  the  present  time  half  of  the 
mines  working  at  depths  between  1800  and  2600  feet  are  profit-pay- 
ing. The  average  yield  of  their  ore  is  10  dwt.,  while  that  of  the 
district  as  a  whole  is  9  dwt.  5  gr.  per  ton.  The  best  returns  at 
present  come  from  the  New  Chum  Railway,  which,  at  2025  feet 
depth,  is  breaking  quartz  averaging  nearly  J  ^  ounces  per  ton.  Dur- 
ing the  year  this  mine  paid  dividends  amounting  to  £21,672  on  a 
paid-up  capital  of  £28,589  and  a  nominal  capital  of  £36,890.  Its 
total  dividends  to  date  have  been  £52,078. 

During  the  second  half-year  the  Shenandoah,  working  at  1990 
feet,  produced  4556  tons  of  quartz,  yielding  3717  oz.  17  dwt.,  or  an 
average  of  16  dwt.  per  ton.  Dividends  of  £8400  were  paid  during 
the  6  months,  on  a  called-up  capital  of  £12,800.  Altogether  this 
company  has  returned  £59,600  in  dividends. 

The  Lazarus  Company,  working  at  2000  feet^  on  16-dwt.  ore,  paid 
out  during  1890  dividends  of  £15,760  on  a  paid-up  capital  of  £63,- 
187.  The  total  dividends  of  this  mine  to  date  have  been  exactly  the 
full  amount  of  its  nominal  capital,  £67,500. 

The  results  obtained  in  some  cases  appear  to  leave  a  very  slight 
margin  of  profit.  The  average  of  the  Great  Extended  Hustlers,  the 
Kew  Chum  United,  and  the  New  Chum  Consolidated  mines  is  very 
low.  It  speaks  well  for  the  size  of  the  lodes  and  the  handling  of  the 
ore,  that  dividends  are  possible  at  a  depth  of  nearly  2000  feet  on  5- 
dwt.  mill-stuff.  The  New  Chum  Consolidated  is  an  instance  of  very 
successful  gold-mining.  The  return  of  5  dwt.  12  gr.  shown  in  the 
list  given  above  is  higher  than  the  ordinary  average  of  the  mine, 
since  richer  quartz  than  usual  was  broken  in  the  second  half  year. 
For  the  year  ending  30th  June,  1890,  9586  tons  were  sent  up  from 
the  1800-foot  level,  yielding  1722  oz.  19  dwt.  of  gold  at  the  mill 
and  278  oz.  8  dwt.  (from  106  loads)  at  the  pyrites  works.  The  total 
value  of  the  yield  was  £7943  6«.  9d.  The  average  of  the  ore  was 
3  dwt.  1 1  gr.  only,  but  this  gave  a  profit  of  £1610  6«.  9rf.,  equiva- 
lent to  a  shilling  dividend  on  each  of  the  28,000  shares.  The  yield 
was  16«.  9d.  (say  $4)  per  ton,  and  the  cost  13».  5d.  (say  $2.70)  per 
ton.  Even  on  this  low  return  the  company,  having  a  paid-up  capi- 
tal of  only  £18,200,  was  working  at  a  profit  of  11  per  cent,  per  an- 
num. The  New  Chum  Consolidated  has  paid  £132,300  on  its 
nominal  capital  of  £42,000  and  its  paid-up  capital  of  £18,200.  The 
other  mines  will  show  scarcely  less  striking  results  so  far  as  concerns 
the  ratio  of  money  returned  to  that  expended.* 

*  As  stated  on  pages  473  and  474,  oat  of  the  28  dividend-paying  mines  of  1890, 
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The  favorable  record  of  deep  mining  io  this  gold-field,  as  ont- 
lined  in  the  above  paiagrapha,  has  led  many  to  qnote  the  district  in 
proof  of  the  riehneas  of  the  deeper  portions  of  qnarts  lodes.  This 
argnsMnt  ignores  the  unique  character  of  the  geological  stractare  of 
the  district.  Bendigo  does  not  furnish  proof  of  the  continuance  of 
pay-ore  to  great  depths  in  ordinary  veins.  If  we  look  npm  each 
saddle-formation  as  a  distinct  lode  (which  it  no  doubt  is),  we  per- 
ceive that  the  vertical  extent  of  the  auriferous  quarts  is  very  limited. 
As  a  rule,  in  this  district,  a  ''reef"  which  osn  be  worked  to  prafit 
in  three  levels  or  stoped  in  two  lifts  may  be  considered  above  the 
average.  The  different  saddles  form  distinct  lode-formations,  trav- 
ersing beds  of  the  country-rock  which  are  diflerent  from  those  either 
above  or  below. 

Pbospbctiko. 

It  is  the  fact  last  mentioned  whioh  necessitates  the  most  patient 
prospecting.  Systematic  development  is  always  one  of  the  most 
important  features  of  mine-work.  In  such  ore-deposits  as  these  it 
is  of  paramount  importance.  Owing  to  lack  of  reserve-capital,  and 
the  haste  made  to  sink  the  shafts  deeper,  there  has  not  been  that 
careful  and  patient  prospecting,  which  the  peculiar  structure  of  the 
district  demands,  of  the  ground  rendered  accessible  by  each  level. 

Several  of  the  richest  saddle-formations  have  passed  longitudi- 
nally through  a  succession  of  adjacent  claims.  Such  was  the  main 
Grarden  Gully  saddle,  and  such  is  the  formation  now  so  successfully 
worked  from  the  New  Chum  Railway  to  the  ''180"  mine.  As  a 
rule,  however,  the  ore-shoots,  particularly  the  richest,  are  small  in 
extent,  and,  unless  the  ground  is  carefully  cut  up  by  drifts  and  cross- 
cuts, they  are  easily  missed.  Two  instances  will  illustrate  this.  In 
the  Old  Hustlers  mine,  after  the  workings  had  reached  a  depth  of 
over  1500  feet,  there  was  accidentally  found,  last  February,  a  good 
body  of  auriferous  quartz,  between  the  730-  and  830-foot  levels,  in 
ground  which  had  been  considered  thoroughly  tested.  In  the  Her- 
cules and  Energetic  mine  there  was  found,  in  December,  1889,  a 
body  of  quartz  8  feet  square,  which  gave  £9000  worth  of  gold,  46 
tons  yielding  at  the  rate  of  46^  ounces  per  ton.  This  was  exposed 
in  making  a  counecti(»n  wiih  a  winze,  and  was  as  unexpected  as  it 
was  valuable. 


I  obtained  the  results  given  by  20,  and  found  that  all  save  four  had  more  than  re- 
turned their  paid-up  capital.  The  average  of  the  20  showed  an  expenditure  of 
£31,167  per  mine  on  a  nominal  capital  of  £49,742  per  mine. 
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At  preisent,  the  work  of  development  is  confiued  almost  entirely 
to  the  three  great  "  lines  of  reef/' — the  New  Chum,  the  Garden 
Gully,  and  the  Hustlers, — and  more  {mrtioularly  to  tlie  immediate 
vicinity  of  the  big  mines.  This  is  not  surprising.  New  mines  are 
opened  as  continuations  of  already  proved  properties,  and  there  is  a 
strong  tendency  to  remain  in  the  neighl>orhood  of  ground  which  is 
known  to  have  l)een  rich.  But  at  Bendigo  this  has  been  overdone, 
and  the  result  is  that  the  north  and  south  extensions  of  the  main 
"  lines  of  reef  "  have  l)een  but  little  tested,  while  similarly  the  inter- 
mediate Io<]es  or  "side-lines"  have  l)een  much  neglected.  Since  \t 
has  been  demonstrate<l  by  the  Geological  Survey,  as  well  as  by  actual 
mining,  that  the  gold-belt  continues  for  several  miles  on  either  side 
of  the  towns  of  Eaglehawk  and  Bendigo,  it  would  he  well  to  dis- 
tribute upon  shallow  ground,  which  is  as  yet  unworked,  a  little  of 
that  energy  and  capital  which  is  now  expended  on  deep  sinking;  for 
here,  as  in  most  mining  districts,*  the  first  few  hundred  feet  are  gen- 
erally richer  than  any  succeeding  horizon. 

As  to  the  exploration  of  the  "side-lines"  or  quartz  formations 
which  occur  between  the  main  anticlinal  axes,  attention  has  been 
drawn  to  these  portions  of  the  district  by  the  marked  success  of  the 
New  Red  White  and  Blue  Consolidated,  which  is  working  a  run 
of  rich  spurs  on  the  Sheepshead  lode  or  reef,  intermediate  between 
the  Garden  Gully  and  the  New  Chum.  In  this  connection  it  is  a 
curious  fact  that,  notwithstanding  the  system  of  government  assist- 
ance, no  cross-cut  has  been  driven  between  the  main  "lines  of  reef " 
in  that  portion  of  the  district  (in  the  town  itself)  where  they  have 
l)een  proved  to  be  richest.  Such  an  exploration  is  recommended  by 
the  structure  of  the  country,  the  richness  of  this  section  of  the  gold- 
field,  and  the  experience  of  other  mining  districts. 

Outlook  for  the  Future. 

The  proHpei*t  of  future  deep  mining  on  this  gold-field  is  most 
encouraging.     The  depths  yet  reached  are  far  within  the  capabilities 


*  There  are  ezoeptionB,  but  they  are  not  numerous.  I  recall  the  history  of  some 
of  the  mines  on  the  '^  Mother-lode  "  in  Amador  county,  Cal.,  where  no  profitable 
returns  were  obtained  until  several  hundred  feet  had  been  sunk.  As  a  rule,  how- 
ever, the  increasing  richness  of  mines  with  depth  is  a  fallacy  too  often  found  among 
the  paragraphs  of  a  mine-report.  In  most  districts  there  are  few  gold-mines,  the 
1  rst  60  to  200  feet  of  which  did  not  exceed  in  richness  any  snccc  eding  horizon. 
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of  modern  mining  machinery.*  There  is  no  reason  to  expect  any 
incrcsose  of  water;  on  the  contrary,  the  experience  of  deep  mining 
in  other  places  points  to  a  diminution  in  the  quantity  of  water  as 
depth  is  gained.  No  chemical  causes  have  been  observed  as  active 
in  this  district  which  would  tend  to  make  the  underground  temper- 
ature increase  other  than  with  the  usual  increment  of  1  ^  for  every 
60  or  60  feet  of  additional  depth.  Moreover,  there  is  every  proba- 
bility,  from  a  geological  standpoint,  that  the  saddle-reef  formations 
will  be  repeated,  as  in  the  2000  feet  or  m^^re  already  pierced  ;  for  the 
only  cause  likely  to  bring  them  to  an  end,  the  granite  contact,  is  at  a 
depth  far  beyond  human  reach.  The  cost  of  exploitation  will  in- 
crease with  depth,  but,  as  the  mines  are  com{}aratively  dry  and  the 
encasing  rock  does  not  become  harder,  it  need  not  be  expected  that 
this  increase  will  be  material  between  2000  and  3000  feet.f  Below 
3000  feet,  the  increased  power  and  efficiency  of  the  winding-engines, 
for  which  there  is  yet  plenty  of  room  at  Sandhurst,  will  compensate 
for  the  increasing  distance  from  which  the  ore  will  be  lifted. 

At  present,  generally  speaking,  5  dwt.  of  gold  per  ton  will,  with  a 
3-foot  or  4-foot  reef,  pay  the  expenses  of  the  mine  and  mill.  The  New 
Chum  Consolidated  has  shown  how,  at  the  end  of  the  second  thousand 
feet  from  the  surface,  3^-dwt.  ore  may  be  made  to  pay.  The  width 
of  the  lo<ie  in  the  New  Chum  Railway,  the  Shenandoah,  the  New 
Chum  Consolidated,  the  New  Chum  United,  etc.,  averages  about  6 
to  8  feet;  and  it  is  the  width  of  the  quartz  in  the  reefs  which  will 
determine  the  economical  results  of  its  extraction.  In  this  respect 
there  is  no  reason  to  foresee  a  diminution.  Nor  is  there  any  ap- 
parent reason  to  expect  a  decline  in  the  gold-contents  of  the  quartz. 
In  most  gold-mines  the  first  200  or  300  feet  are  richer  than  any  suc- 
ceeding horizon  of  similar  thickness;  but  having  once  passed  out  of 
the  region  of  surface-waters  there  is  nothing  to  cause  one  to  expect  a 
marked  change.     Poor  zones  and  rich  ones  will  alternate  as  hereto- 

*  The  shafts  are  invariably  vertical,  the  winding  being  done  bv  steam-power  with 
round  wire-ropes  and  cages.  Double-decked  cages  are  not  in  use.  Under  the  gov- 
ernment regulations  and  the  supervision  of  the  mine-inspector,  the  winding-appa- 
ratus is  always  in  good  order,  and  the  safetj-applianoes  are  frequently  and  regularly 
tested. 

t  The  speed  of  sinking  varies.  The  country  traversed  by  the  New  Chum  lode 
is  less  hard  than  that  of  the  Qarden  Gully;  hence,  while  at  a  depth  of  over  2000 
feet  in  the  "  180''  mine,  the  speed  of  sinking  the  last  200  feet  averaged  20  feet  per 
fortnight  (the  distance  from  2440  to  2640  feet  being  accomplished  in  exactly  ten 
fortnights),  the  average  rate  in  the  Victory  and  Pandora,  on  the  Garden  Gully 
line,  is  12}  feet  per  fortnight.    In  both  case6  timbering,  etc.,  is  included. 
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fore ;  but,  owing  to  the  folding  of  the  country  in  which  the  reefs 
occur  and  the  recurrence  of  the  beds,  the  mine-workings  will,  at 
greater  depths,  pass  through  portions  of  country  already  met  with 
nearer  the  surface.  The  gold  does  not  appear  to  have  become  more 
refractory  with  increasing  distance  from  daylight ;  the  percentage  of 
pyrites  has  varied  but  little,  while  the  fineness  of  the  gold  has  not 
changed.* 

It  will  be  primarily  a  question  of  the  economical  handling  of  the 
ore,  and  in  this  respect  the  underground  exploitation  is  at  present  as 
good  as  the  treatment  at  the  surface  is  bad.  With  mills  of  enlarged 
capacity,  properly  equipped  with  modern  improvements  (particu- 
larly with  automatic  feeders  and  with  rock-brealcers),  the  Bendigo 
gold-field  should  long  continue  to  be  the  home  of  successful  gold 
quartz-mining  and  the  pioneer  of  deep  sinking. 


COBD-WOOD  IN  THE  JMATTINO  BLA8T-FUBNACE. 

BT  HERBERT  LANO,   MINERAL,   IDAHO. 
(GleD  SaminU  Meeting,  October,  1801.) 

Cord- WOOD,  sawn  into  blocks  of  about  a  foot  in  length,  is  a  regu- 
lar constituent  of  our  fuel-charge  at  Mineral,  Idaho,  our  work  being 
the  matting  of  silver-ores  by  fusion  in  a  blast-furnace.  The  furnace 
is  a  round  water-jacket  furnace,  of  36  inches  diameter  at  the  tuyeres, 
and  the  charge  of  smelting-mixture  weighs  950  lbs.,  requiring  110 
lbs.  of  ConneIl§vilIe  coke  to  drive  it.  I  replace  half  this  coke  with 
135  lbs.  of  fir-wood,  cut  from  dead  and  apparently  perfectly  dry  trees. 
This  mixture  produces  as  high  a  smelting-temperature  as  all  coke, 
whence  I  infer  that  the  smelting-efiFect  of  a  given  weight  of  wood  is 
to  that  of  the  same  weight  of  coke  as  1 1  to  27,  or  1  to  2^^.  A  cord 
of  wood  sawed  ready  for  use  weighs  2340  lbs.,  costs  $5.00,  and  is 


*  In  the  LttzaruR,  at  2000  feet,  I  saw  white  quartz  containing  beautiful  coarse 
gold  in  pieces  weighing  several  pennyweights.    The  gold  at  the  greatest  depths 
reached  is  still  22}  to  23  caraU  or  945  to  960  fine. 
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equivalent  to  866  lbs.  of  Connellsyille  coke,  which,  at  $25.00  per 
ton,  costs  $10.82,  or  rather  more  than  twice  as  much  as  wood  per 
unit  of  smel ting-power.  The  saving  by  the  use  of  wood  plus  coke^ 
over  coke  alone,  is  therefore  75  cents  per  ton  of  ore.  The  principal 
advantage,  however,  is  not  in  the  saving  of  cost,  but  in  the  fact  that 
a  great  deal  of  sulphur  is  burned  off  by  the  wood,  thus  allowing  the 
use  of  a  greater  proportion  of  sulphide-ores  in  the  charge,  which  is 
a  point  of  great  moment,  as  such  ores  predominate  here,  and  we  are 
as  yet  unprovided  with  roasting-apparatus.  To  ofiset  these  advan- 
tages, the  wood  produces  a  great  deal  more  flue-dust — twice  as  much, 
I  should  think — and  reduces  the  smelting-capacity  about  one-third. 
With  the  fuel-mixture  described,  T  can  carry  only  six  ounces  of 
blast;  but  the  furnace  keeps  in  good  condition  above  and  below,  the 
tuyeres  remain  unaffected,  the  slag  is  hot  and  reasonably  free  from 
valuable  metals,  and  the  conditions  of  successful  smelting  are  met 
in  all  respects,  except  as  to  the  serious  reduction  of  tonnage. 

Mr.  Dwight,  in  his  comments  upon  Mr.  Neill's  paper  on  "Stone- 
Coal  in  the  Lead  Blast-Furnace,"*  appears  to  infer  that  the  coal 
has  to  be  converted  into  coke  inside  the  furnace  before  it  can  per- 
form useful  work.  I  presume  he  would  also  infer  that  wood  has  to 
become  charcoal  before  it  can  do  its  smelting-work,  but  that  such  an 
inference  is  erroneous  appears  from  the  fact  that  our  fir-wood  pro- 
duces but  about  20  per  cent,  of  charcoal,  and  that  of  a  very  poor, 
fragile  sort.  Accordingly,  135  lbs.  of  wood  would  produce  only 
27  lbs.  of  charcoal,  a  quantity  clearly  insufficient  to  replace  55  lbs. 
of  coke.  I  therefore  believe  that  the  volatile  constituents  of  the 
wood  do  a  considerable  amount  of  useful  work  in  the  smelting 
before  escaping  from  the  furnace.  The  smoke,  which  is  very  thick 
and  abundant,  has  a  peculiar  nauseating  odor,  giving  no  evidence  of 
free  sulphurous  acid — a  circumstance  which  leads  me  to  believe  that 
the  sulphur  so  largely  burned  off  forms  a  volatile  compound  with 
the  organic  matters  sublimed  from  the  wood,  the  reaction  perhaps 
furnishing  a  considerable  amount  of  heat. 

I  presume  that  the  use  of  denser  kinds  of  wood,  such  as  moun- 
tain mahogany,  oak,  hickory,  ash,  etc.,  would  give  still  better  results. 

*  Page  169  of  the  present  volume. 
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EESULT8   OF  81BEAM-MEASVBEMENT8  OF  TEE  UNITED 

STATES  QEOLOQICAL  8UBVEY. 

BY  F.   H.   NEWELL,  WASHINGTON,  D.  C. 
(Glen  Summit  Meeting,  October,  1891.) 

Measurements  of  the  amount  of  water  flowing  in  many  of  the 
larger  rivers  of  the  west  have  been  made  by  the  United  States  Greo- 
logical  Survey,  and  by  this  means  the  daily  discharges  of  these  rivers 
have  been  computed  for  a  period  of  over  two  years.  These  meas- 
urements have  been  confined  mainly  to  that  part  of  the  country 
commonly  known  as  the  arid  region,  where  the  rainfall  is  insufficient 
for  the  needs  of  plants  most  useful  to  man,  and  the  supply  of  water, 
not  only  for  agriculture,  but  also  for  mining  and  all  other  purposes, 
falls  below  the  demands  made  upon  it.  In  such  localities  flowing 
water  has  a  great  value,  for  without  it  many  industries  are  impos- 
sible. 

Experience  has  shown  that  in  the  western  part  of  the  United 
States,  over  an  area  a  little  less  than  two-fifths  of  the  whole  extent 
of  the  country,  there  are  great  bodies  of  fertile  land  enjoying  a  genial 
climate,  and  in  every  way  adapted  to  the  support  of  a  large  popula- 
tion, except  in  the  one  particular  of  water-supply.  By  utilizing  the 
water  available,  portions  of  this  rich  land  can  be  rendered  valuable. 
In  other  words,  the  land-values  rest  directly  upon  the  prospects  of  a 
continuous  artificial  water-supply.  The  same  is  true  of  many  mineral 
lands,  which  require  for  hydraulic  mining,  or  for  the  supply  of  con- 
centra  ting- works,  stamp-mills,  etc.,  a  certain  water-supply,  and  are 
impaired  in  value  if  this  supply  is  inadequate  or  irregular.  The 
pressure  of  this  need  upon  the  mining  industry  is  not  so  wide- 
spread, or  in  the  first  instance  so  severe  as  upon  agriculture;  but  as 
different  regions  become  more  thickly  settled,  and  the  two  industries 
compete  for  a  water-supply  not  sufficient  for  both,  it  is  probable  that 
the  miner  will  suffer.  But  he  can  suspend  operations  with  less 
inconvenience  than  the  farmer.  Agricultural  land,  if  the  water- 
supply  is  not  continuous,  becomes  a  desert;  on  the  other  hand,  the 
profit  of  mining  is  greatly  enhanced  by  the  presence  of  agricultural 
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and  attendant  industries.   Henoe  the  subject  of  water-supply  is  both 
directly  and  indirectly  interesting  to  mining  engineers. 

The  arable  land  of  the  arid  region  being  in  excess  of  the  water- 
supply,  it  is  essential  to  ascertain  as  nearly  as  possible  the  extent  of 
this  supply,  its  fluctuations,  and  the  causes  which  tend  to  modify  it 
for  better  or  worse.     Recognizing  this  fact,  Congress  in  1888  passed 

Fio.  1. 


tjojtsuaa. 


Index- Map  of  Drain  age- Areas. 

an  act  enabling  the  director  of  the  geological  survey  to  begin  among 
other  things  the  investigation  of  the  water  resources  of  the  arid  lands, 
and  under  the  appropriation  of  October  2,  1888,  field-work  was  im- 
mediately begun. 

The  index  map,  Fig.  1,  shows  by  the  cross-hatching  the  relative 
location  of  the  basins  within  which  this  field-work  was  carried  on. 
Although  upon  this  scale  the  smaller  areas  are  not  clearly  discernible. 
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yet  the  poeitions  in  general  are  well  given.   As  will  be  seen  at  a  glanoe, 
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these  drainage-areas  are  fairly  distributed  in  each  great  hydrographic 
basin,  there  being  several  on  the  headwaters  of  the  Missouri,  the  Ar- 
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kansas,  the  Rio  Grande,  the  Gila,  in  the  Great  Basin,  and  on  the 
Columbia.  The  greater  number,  however,  lie  along  the  north  and 
south  line  of  the  high  mountains  which  furnish  so  large  a  proportion 
of  the  waters  of  greatest  value  for  irrigation  in  Montana,  Idaho  and 
Utah. 

The  point  at  which  the  river-measurements  of  each  drainage-basin 
were  made  is  to  be  found  on  the  map  at  the  point  where  the  river  leaves 
the  cross-hatched  areas.  In  general  it  is  not  marked  in  any  other  way, 
as  the  position  would  be  inferred  by  a  person  examining  the  map 
since  the  water  flows  in  that  direction.  The  following  brief  descrip- 
tion of  these  localities  is  given  in  the  arbitrary  order  generally  adopted, 
viz  ,  beginning  with  the  headwaters  of  the  Missouri  and  its  tributa- 
ries, and  then  taking  in  order  the  Arkansas,  Rio  Grande,  and  Colo- 
rado rivers,  the  Interior  Basin,  and  the  Columbia  river. 

Stream-measurements  in  the  Missouri  basin  were  made  on  the  West 
Gallatin,  Madison,  Bedrock,  the  Missouri  itself,  and  on  the  Sun  and 
Yellowstone.  Those  on  the  West  Gallatin  river  were  made  about 
20  miles  from  Bozeman,  Montana,  above  the  place  where  water 
is  diverted  upon  the  Gallatin  valley.  On  the  Madison  they  were 
made  in  the  cation  below  the  Madison  valley,  about  4  miles  from  the 
town  of  Red  Bluff,  thus  giving  the  total  amount  of  water  flowing 
from  the  Madison  valley  through  the  cafion  into  the  large  valley 
above  the  Three  Forks  of  the  Missouri.  On  the  Jefferson,  the  third 
of  the  rivers  which  unite  to  form  the  Missouri,  continuous  observa- 
tions were  not  made  upon  tbe  main  stream,  but  a  station  was  estab- 
lished at  Redrock,  to  measure  the  flow  of  the  stream  of  that  name 
above  the  place  where  it  enters  Beaverhead  valley. 

Besides  these  upper  tributaries  of  the  Missouri,  measurements  were 
made  on  the  Sun  river  about  18  miles  above  Augusta,  and  on  the 
Missouri  itself,  the  principal  point  being  at  Craig,  about  30  miles 
north  of  Helena;  also  on  the  Yellowstone,  below  the  National  Park, 
near  Horr,  6  miles  below  Cinnabar.  On  the  map,  Fig.  1,  these  basins 
can  be  seen,  the  name  of  the  Gallatin  being  plainly  lettered,  but  that 
of  the  Madison  basin,  to  the  south  of  this,  having  been  omitted  for 
lack  of  space.  North  of  this  comes  the  Missouri  basin,  the  city  of 
Helena  being  shown  in  its  northern  end.  The  Yellowstone  basin, 
lying  east  of  the  Gallatin  and  Madison  basins,  is  distinguishable  on 
the  map  by  the  black  spot  marking  the  position  of  Yellowstone  lake. 

Within  the  catchment-area  of  the  Platte  river,  a  long  series  of  ob- 
servations has  been  maintained  on  the  Cache-la-Poudre,  one  of  the 
tributaries  of  the  South  Platte,  the  work  for  this  point  being  for  a 
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portion  of  the  time  maintained  by  the  United  States  Geological  Sur- 
vey. The  gauging-station  is  in  the  cafion  of  the  Cache-la-Poudre, 
about  12  miles  above  Fort  Collins.  The  basin  is  shown  on  the  map^ 
Fig.  1,  lying  to  the  southwest  of  Cheyenne.    Stream-measurements 
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12.  Gila.  24.  Henry  Fork. 

13.  Salt  25.  Falls. 

14.  East  Carson.  26.  Teton. 

15.  West  Carson.  27.  Snake  at  Eagle  Rock. 

16.  Bear  at  Battle  Creek.  28.  Owyhee. 

17.  Bear  at  CoUinston.  29.  Malheur. 

18.  Ogden.  30.  Weiser. 

19.  Weber. 


have  been  made  also  on  the  North  Platte  and  its  tributaries  by  EI- 
wood  Mead>  the  State  engineer  of  Wyoming,  and  by  A.  M.  Van 
Auken,  civil  engineer. '  The  drainage-area  of  the  North  Platte  in 
Wyoming,  therefore,  has  been  cross-hatched  in  order  to  indicate  that 
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data  bearing  upon  the  general  character  of  the  water-supply  are  on 
record. 

On  the  headwaters  of  the  Arkansas,  gaagings  have  been  made  o^ 
the  principal  tributaries,  the  recprds  for  1890  being  quite  full.  The 
principal  station  is  at  Cafion  City,  and  is  thus  above  the  great  irri- 
gating systems  of  the  Arkansas  valley.  Measurements  have  also  been 
made  at  Pueblo,  40  miles  below  Cafion  City ;  but  these  have  been 
continued  for  a  shorter  time  than  at  the  locality  above. 

The  Kio  Grande  has  been  measured  at  three  points,  viz.^  at  Del 
Norte,  where  it  leaves  the  mountains  and  enters  the  San  Luis  valley ; 
again  at  Embudo,  about  130  miles  below,  where,  having  received  the 
drainage  of  the  San  Luis  valley  it  flows  through  cafions  into  the  long, 
narrow  valleys  of  New  Mexico ;  and  finally  at  El  Paso,  Texas,  where 
the  drainage  from  New  Mexico  passes  through  the  narrow  pass,  below 
which  point  the  river  forms  the  boundary  between  Texas  and  Mexico. 
The  observations  at  these  three  points  give  material  for  a  study  of 
the  river  as  a  whole,  and  throw  light  upon  the  regimen  of  streams 
of  the  southern  arid  countries. 

The  Oila,  the  most  southern  tributary  of  the  Colorado,  has  been 
gauged  in  the  cafions  15  miles  above  Florence;  and  the  Salt  River, 
the  northern  branch  of  the  Gila,  at  a  point  about  30  miles  above 
Phoenix.  Computations  of  discharge  on  the  latter  stream  have  been 
made  by  S.  A.  Davidson,  the  engineer  of  the  Arizona  Canal  Com- 
pany, to  whom  credit  is  due  for  preserving  a  long  series  of  gauge- 
records. 

In  California,  the  State  engineering  department  conducted  careful 
series  of  stream-measurements  from  1878  to  1882,  the  results  of 
which  have  been  published  in  the  reports  of  the  State  engineer  and 
in  the  volume  of  Phyfdoal  Dala  and  StaJHsUes  issued  in  1886.  These 
reports  give  much  information  concerning  the  habits  of  the  rivers 
which  flow  from  the  Sietra  Nevada  westward  into  the  San  Joaquin 
and  Sacramento  valleys. 

Two  rivers,  the  Carson  and  the  Truckee,  rising  on  the  eastern  side 
of  the  Sierra  Nevada  and  flowing  into  the  Great  Basin,  were  meas- 
ured during  1889  and  1890  by  the  United  States  Geological  Survey. 
Observations  have  been  made  on  the  Truckee  at  various  points,  the 
principal  of  these  being  at  Boca,  California,  and  near  Reno,  Nevada. 
The  east  and  west  branches  of  the  Carson  have  also  been  measured, 
the  east  branch  at  Rodenbah  Ranch,  14  miles  from  Genoa,  Nevada, 
and  the  west  near  Woodford,  California,  20  miles  from  Grenoa. 

In  the  Great  Basin,  besides  the  observations  made  on  the  western 
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side,  series  of  stream- measurements  were  obtained  near  the  eastern 
mai^n  in  Utah  and  Idaho,  The  Bear  river,  the  principal  tributary 
of  Great  Salt  Lake,  was  measured  at  Battle  Creek,  Idaho,  at  the 
head  of  Cache  valley,  the  lai^est  valley  along  its  coarse,  and  again 
near  Collinstoo,  Utah,  at  the  lower  end  of  the  "  Gates  of  the  Bear," 
thus  obtainiag  the  total  outflow  from  Cache  valley.     The  dJscbai^ee 
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Raling-Curve  for  the  Malheur  River,  at  Vale,  OregOD. 

of  the  C%den  and  Weber  rivers  were  also  measured,  continuous  ob- 
servations being  made  in  the  cafion'«  of  each  river  near  the  city  of 
Ogden.  On  the  map.  Fig.  1,  the  drainage-area  of  the  Ogden  is  in- 
cluded within  that  of  the  Welier,  since  either  one  alone  would  be  too 
small  lo  be  plainly  distinguishable. 

South  of  the  drainage-basin  of  the  Weber  is  that  of  Provo  river, 
the  principal  tributary  of  Utah  lake.  The  discharge  of  this  stream 
has  been  measured  in  the  caOon  above  Provo,  which  place  is  above 
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the  heads  of  canals  which  take  the  water  upon  the  fertile  lands  of 
Utah  county.  Between  the  Provo  and  the  Weber  is  a  very  small 
drainage-basin,  in  area  about  one-tenth  that  of  the  Provo,  and  there- 
fore too  small  to  be  shown  upon  a  small  map.  The  stream  flowing 
from  this  area,  however,  the  American  Fork,  is  of  considerable  im- 
portance to  agriculture  in  that  part  of  the  country,  and  therefore 
measurements  have  been  made.  The  stream  possesses  general  in- 
terest also  as  delivering  a  large  amount  of  water  from  a  comparatively 
small  area.  South  of  the  Provo  is  the  Spanish  Fork  basin,  draining 
into  the  southern  end  of  Utah  lake.  As  in  the  case  of  the  streams 
above-mentioned,  the  measurements  on  this  river  were  made  at  a 
point  in  the  cafion  above  the  irrigating-ditches  utilizing  the  waters. 

The  Sevier  river  rises  in  the  high  plateaus  in  the  southern  part  of 
Utah  and  flows  in  a  general  northerly  direction  through  cations  and 
narrow  valleys,  passing  on  its  way  through  the  comparatively  broad 
Sevier  valley ;  then  entering  canons,  turns  toward  the  west  and  south- 
west, and  finally  loses  its  waters  in  the  lake  or  ''  sink  "  occupying  the 
lowest  part  of  the  Sevier  desert.  Measurements  of  this  stream  were 
made  in  a  few  instances  at  Joseph  at  the  head  of  the  Sevier  valley. 
The  longest  .series,  however,  was  made  below  this  valley,  at  Leam- 
ington in  the  cafion  above  the  Sevier  desert,  at  which  point  data  were 
obtained  as  to  the  amount  of  water  draining  from  the  Sevier  valley 
and  available  for  use  upon  the  desert  below. 

On  the  head-waters  of  the  Snake,  the  principal  tributary  of  the 
Columbia,  measurements  have  been  made,  in  eastern  Idaho,  on  Henry 
fork  above  its  junction  with  Falls  river ;  also  on  the  latter  stream 
above  irrigation-canals ;  and  on  the  Teton,  which,  with  the  two  rivers 
just  mentioned,  forms  the  North  Fork  of  the  Snake.  On  the  South 
fork  a  few  gaugings  have  been  made;  but  the  observations  of  river- 
height  have  not  been  continuous.  Below  the  junction  of  the  North 
and  South  forks  at  Eagle  Rock,  now  knov^n  as  Idaho  Falls,  a  full 
series  of  observations  was  conducted  during  1890i  giving  the  dis- 
charge of  the  stream  for  that  year. 

Three  tributaries  of  the  lower  Snake  were  also  measured :  the 
Weiser,  in  western  Idaho,  and  the  Owyhee  and  Malheur  in  eastern 
Or^on ;  gaugings  of  these  rivers  being  made  near  the  points  where 
they  enter  the  Snake  river  valley.  The  gauging-station  on  the 
Weiser  was  at  the  lower  end  of  the  cafion  about  9  miles  above  the 
town  of  Weiser ;  that  on  the  Owyhee,  at  Rigsby's  ranch,  4  miles 
above  the  mouth ;  and  that  on  the  Malheur  at  Yale,  Oregon. 

The  results  of  these  measurements  are  shown  in  the  most  condensed 
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manner  in  the  table  of  mean  annual  discliarges  (page  557).  The  first 
ooluinii  at  tbeleftgives  theoameof  the  river;  and  in  the  cases  of  the 
Bio  Grande  and  Bear,  on  which  there  are  more  than  one  station,  the 
names  of  the  stations  also  are  given.  In  the  second  column  is  given 
the  last  month  of  the  year  for  which  the  discharges  shown  in  the 
table  were  obtained.     For  example,  in  the  case  of  the  West  Gallatin, 
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the  year  ending  August,  1890,  is  that  beginning  on  September  1, 

1889,  and  ending  August  31, 1890 ;  and  the  next  year  is  that  b^in- 
ning  September  1,  1890,  and  ending  AnguBt  31,  1891.  In  many 
instances  it  has  not  been  possible  to  complete  two  full  years;  and 
hence,  as  in  the  case  of  the  Madiuon,  the  years  are  not  successive,  but 
overlap.  For  example,  the  first  year  for  the  Madison  is  from  January 
1  to  Deceml>er  31, 1890,  and  the  second  year  is  from  September  1, 

1890,  to  August  31, 1891. 

The  third,  fourth  and  fifth  columns  gi  ve  respectively  the  maximum, 
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minimum  and  mean  or  average  discharges  for  the  year,  in  cabie  feet 
per  second  or  second-feet  as  commonly  termed.  The  mean  discharge 
is  in  all  cases  that  for  the  whole  year  ending  on  the  last  day  of  the 
month  given  in  the  second  column.  The  sixth  column  gives  the 
total  amount  of  water  discharged  during  the  year  in  acre-feet,  the 
acre- foot  being  the  quantity  of  water  covering  one  acre  to  a  depth  of 
one  foot,  or  43,560  cubic  feet.  For  example,  the  Missouri  during 
the  year  furnished  a  quantity  of  water  sufficient  to  cover  over  3,000,- 
000  acres  to  the  depth  of  one  foot.  This  unit  is  convenient  in  con- 
siderations of  the  efficiency  or  duty  of  water  in  irrigation,  and  is  con- 
veniently related  to  the  second-foot  in  that  a  second-foot  flowing  for 
one  day  discharges  a  quantity  for  all  practical  purposes  equivalent  to 
two  acre-feet,  or,  more  exactly,  to  1 .9835  acre-feet. 

The  seventh  column  gives  the  drainage-area  in  square  miles  above 
the  point  at  which  measurements  were  made,  and  thus  serves  to  con- 
nect the  quantity  discharged  with  the  area  from  which  it  came. 
The  eighth  and  ninth  columns  give  this  relation  in  two  ways.  The 
eighth  column  gives  the  depth  which  the  water  discharged  during 
the  year  would  have,  if  placed  upon  a  level  area  of  the  same  size  as 
the  drainage-basin.  This  depth  is  given  in  inches  for  convenience  of 
comparison  with  the  rainfall,  which  is  always  given  in  that  unit  by 
the  Weather  Bureau.  The  ninth  column  gives  the  average  discharge 
in  second-feet  per  square  mile  of  area  drained.  It  must  not  be  sup- 
posed from  the  fact  that  these  averages  are  computed  that  the  assump- 
tion is  made  that  every  square  mile  of  the  drainage-area  yields  a 
perennial  supply  to  the  river.  As  a  matter  of  fact  the  contrary  is 
the  case,  namely,  that  while  certain  portions  of  the  drainage-area 
yield  large  quantities  of  water,  others  furnish  little  or  none — ^a  fact 
which  gives  rise  to  considerable  divergence  in  the  results  obtained. 

The  results  shown  in  the  following  table  are  illustrated  by  the  dia- 
grams Figs.  2  and  3;  Fig.  2  showing  graphically  the  maximum,  min- 
imum and  mean  discharges  in  second-feet.  The  space  from  left  to 
right  indicates  the  discharge  in  cubic  feet  per  second,  lines  being 
drawn  for  2000,  4000,  6000  second-feet,  etc.  The  solid  black  gives 
the  minimum  quantity  discharged  ;  the  cross-hatching,  including  the 
black,  shows  by  its  length  the  average  discharge ;  while  the  combined 
length  of  these  with  the  open  space  at  the  right  shows  the  maximum 
flood.  In  several  instances  the  minimum  discharge  was  too  small  to 
be  distinguished  on  this  scale,  being  less  than  can  be  shown  by  the 
width  of  a  line,  as,  for  instance,  on  the  Cache-la-Poudreand  Ogden, 
and  in  one  case  at  least,  that  of  the  Rio  Qrande  at  El  Paso,  the  river 
at  its  minimum  was  dry. 
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By  fltudyiiig  the  mean  dischat^es  as  graphically  shown  on  this 
plate,  a  fair  conceptioD  can  be  obtained  of  the  relative  sizes  of  the 
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different  streams.     It  is  seen,  for  example,  that  the  Snake  is  the 
largest  river^  being  far  greater  than  the  upper  Missouri,  and  even 

DiRchaj^e  in  second-feet. 


o 

QC 


ae 
s 


5= 


3 
Of 
6 

C 
O 

a: 

« 


as 

'3 


greater  than  the  Missouri  and  Yellowstone  combined.     The  maxi- 
mum discharges  also  are  a  matter  of  surprise.     In  the  case  of  the 
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Salt  and  Snake  rivers  the  maximum  discharges  could  not  be  shown 
in  their  full  length,  since  the  width  of  the  page  only  allows  a  little 
over  18,000  second-feet,  while  the  great  flood  of  the  Salt  river  of 
February,  1891,  reached  a  maximum  of  at  least  300,000  second-feet, 
or  nearly  seventeen  times  the  width  of  the  diagram.  The  maximum 
flood  of  the  Snake  was,  in  1890,  over  50,000  second-feet,  or  nearly 
three  times  the  width  shown  on  the  page.  The  character  of  the 
fluctuations  of  some  of  these  streams  is  well  shown,  as  for  instance, 
the  Rio  Grande  at  its  three  stations.  At  Embudo  the  minimum 
discharge  is  less  than  at  Del  Norte,  further  up  stream,  and  at  El 
Paso  it  is  still  less,  being  zero.  The  average  discharge,  on  the  con- 
trary, increases  slightly  from  station  to  station  in  going  down  stream, 
while  the  maximum  discharge  has  a  still  wider  range,  so  that  at  El 
Paso  the  fluctuations  take  on  a  range  from  zero  up  to  over  16,000 
second-feet,  the  variations  of  discharge  thus  increasing  from  the  head- 
waters down  stream.  The  Salt  river,  being  fed  by  local  storms,  has 
exhibited  the  greatest  fluctuations  during  the  past  two  or  three  years 
-of  all  the  rivers  under  consideration,  and  may  be  considered  as  typi- 
cal of  the  streams  of  Arizona  and  New  Mexico,  which  drain  vast 
areas  of  desolate  plateaus  and  bare  mountain  regions.  The  character 
of  each  river  is  to  a  certain  extent  revealed  by  the  following  table, 
which  exhibits  the  relation  between  the  average  discharge  and  that 
of  the  greatest  flood,  the  figures  given  showing  the  number  of  times 
that  the  quantity  of  water  discharged  in  flood  exceeds  the  average 
for  the  year. 

West  Gallatin^  Bozeman,  Montana, 4.4 

Madison  at  Bed  Blufi)  Montana, 3.2 

Bedrock  at  Bedrock,  Montana, 4.6 

Missouri  at  Craig,  Montana, 3.5 

Sun  above  Augusta,  Montana, 5.7 

Yellowstone  at  Horr,  Montana, 4.3 

Cache-]a-Poudre,  Colorado, 6.4 

Arkansas  at  Cafion  City,  Colorado, 5.3 

Bio  Grande  at  Del  Norte,  Colorado 4.6 

Bio  Grande  at  Embudo,  New  Mexico,    .  .6.1 

Bio  Grande  at  El  Paso,  Texas, .11.0 

Gila  above  Florence,  Arizona,  ........  4.2 

Salt  abo^  Phoenix,  Arizona, 79.6 

East  Carson,  Bodenbah,  Nevada, 5.4 

West  Carson,  Woodford,  California, 7.5 

Bear  at  Battle  Creek.  Idaho, 3.9 

Bear  at  Collinston,  Utah, 3.0 

Ogden  above  Ogden,  Utah, 3.4 

Weber  at  Uintah,  Utah, 5.9 
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Proyo  abore  Provo,  Utah, 4.3 

Spanish  Fork  above  Spanish  Fork,  Utah, 6.1 

Sevier  at  Leamington,  Utah, 4.0 

Henry  Fork  of  Snake,  Idaho,    ........  4.9 

Falls  river  near  mouthy  Idaho, 4.3 

Teton  neflr  mouth,  Idaho, 5.2 

Snake  at  Eagle  Rock,  Idaho, 5.3 

Owyhee  at  Vale,  Oregon, 7.6 

Malheur,  Rigsby,  Oregon 10.3 

Weiser  above  Weiser,  Idaho, 9.3 

The  relative  sizes  of  the  different  drainage-areas  are  shown  ou 
Fig.  3  by  the  area  of  the  black  circles.  The  relation  between 
these  areas  and  the  quantity  of  water  discharged  annually  per  unit 
of  area  is  also  shown  by  the  length  of  the  black  lines  to  the  right  of 
the  circles.  The  fact  most  prominent  in  this  connection  is  the 
smaller  amount* of  water  discharged  per  square  mile,  the  greater  the 
size  of  the  basin.  Take,  for  instance,  the  Gallatin,  Madison,  and 
Bedrock  areas  in  comparison  with  the  Missouri,  or  better,  with  the 
Rio  Grande  at  Del  Norte,  Embudo,  and  El  Paso.  In  this  latter 
case  the  drainage-area  alK)ve  Embudo  includes  that  above  Del 
Norte,  and  the  drainage  at  El  Paso  includes  the  area  above  Em- 
budo, together  with  many  small  drainage  areas  which  contribute 
water  only  in  time  of  flood.  The  depth  of  the  rup-oflF  decreases 
rapidly  from  Del  Norte  to  Embudo,  and  less  rapidly  to  El  Paso, 
The  great  depth  of  run-off  for  the  smaller  basins  Ls  very  con- 
spicuous ;  for  example,  that  of  the  Carson,  Ogden,  American  fork, 
Henry  fork,  and  Falls  river.  These  small  drainage-areas  are 
made  up  of  high,  steep  mountains,  upon  which  the  precipitation, 
mostly  in  the  form  of  snow,  is  heavy,  and  from  which  little  water 
escapes  by  evaporation,  the  greater  part  running  .off  into  the 
streams. 

The  preceding  tables  and  diagrams  give  the  general  characteristics 
of  many  of  these  rivers,  and  show  in  a  broad  way  the  distribution 
of  water  in  various  drainage-basins.  Beyond  this,  it  is  essential  to 
know  the  daily  habits  of  the  more  prominent  streams ;  for,  while 
averages  enable  the  engineer  to  grasp  the  whole  situation,  they  are 
sometimes  apt  to  be  misleading.  Therefore,  diagrams  are  given  of 
a  few  of  the  streams,  typical  of  those  of  the  country  in  which  they 
occar.  In  order  to  show  the  methods  by  which  these  diagrams  were 
constructed.  Figs.  4  and  5  are  introduced  (pages  553  and  555). 
These  show  the  relation  between  the  height  and  computed  discharge 
in  the  case  of  two  rivers,  and  also  the  observations  upon  which  the 
computations  are  based. 
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Fig.  4  18  an  example  of  the  ordinary  rating-curve  constructed 
for  each  river.     The  height  of  the  river  above  the  assumed  datum 
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is  shown  by  the  vertical  distance  above  the  base,  while  the  ^^S" 
charge  is  shown  on  the  horizontal  lines  from  left  to  right,  the  space 
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between  each  vertical  line  and  the  next  representing  a  discbarge  of 
100  second-feet.     The  black  dots  with  the  numbers  adjacent  show 
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graphically  by  their  position  the  results  of  individual  gaugings  of 
the  stream^  the  numbers  giving  the  order  in  which  these  were  made. 
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For  example,  the  first  gauging  on  the  Malheur  river  at  Vale,  Ore- 
gon, gave  for  a  height  of  water  of  4.05  feet  a  discharge  of  3015 
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second-feet;  and  thus  on  the  plot  the  dot,  as  will  be  seen,  is  placed 
slightly  above  the  four-foot  line  and  to  the  right  of  the  3000  second- 
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foot  line.  Gauging  No.  2  gave  for  a  height  of  wa^^er  of  3.70  feet  a 
discharge  of  2568  second-feet,  and  No.  3  for  a  height  of  3.75  feet  a 
discharge  of  2561  second-feet.  Nine  gaugings  are  shown  by  dots  on 
the  sheet  in  their  proper  locations.  Through  these  points  a  curve 
has  been  drawn  in  such  a  position  that  they  lie  at  equal  distances  on 
both  sides  of  the  line  if  not  cut  by  it. 

This  line  is  assumed  to  give  the  relation  between  the  height  of  the 
water  and  the  discharge,  and  from  its  position  on  the  diagram  a 
table  is  constructed  giving  for  each  tenth  of  a  foot  rise  or  fall  the 
corresponding  amount  of  water  flowing  in  the  stream.  For  exam- 
ple, the  point  at  which  the  curve  cuts  the  line  marking  the  river- 
height  of  two  feet  corresponds  to  a  discharge  of  785  second-feet;  at 
2.10  gauge  height  to  a  discharge  of  835  second-feet;  at  2.20  to  a  dis- 
charge of  925  second-feet,  and  so  on.  This  rating  curve  and  corre- 
sponding table  when  once  constructed  serve  to  give  at  a  glance  the 
flow  of  the  stream  when  the  gauge-height  is  known. 

On  the  banks  of  each  of  the  streams  measured  by  the  Geological 
Survey,  at  the  selected  gauging-station,  is  fastened  a  stout  gauge, 
marked  with  feet  and  tenths  of  a  foot,  and  by  this  the  height  of  the 
water  can  be  readily  ascertained.  This  gauge,  in  general  slope,  coin- 
cides with  that  of  the  bank  of  the  river,  so  that  it  will  not  offer  any 
obstruction  to  the  stream  or  be  exposed  to  destruction  by  drift-wood. 
The  marks  are  placed  upon  it  at  distances  corresponding  always  to 
vertical  feet  and  tenths  above  some  arbitrary  but  permanent  bench- 
mark. The  observer  at  the  station  notes  the  height  of  the  water  on 
the  gauge  once,  or  in  some  cases  twice,  a  day,  and  sends  a  report 
weekly  to  the  office  at  Washington.  Here  the  observations  of  river- 
height  are,  by  means  of  the  rating-table,  converted  into  discharges, 
and  are  recorded  and  plotted  upon  diagrams. 

The  rating-curve  for  the  Rio  Grande  at  El  Paso,  Tex.,  given  in 
Fig.  5,  shows  a  curious  form  of  curve,  and  also  the  number  of  obser- 
vations taken  at  comparatively  low  stages,  and  thus  exhibits  the  range 
in  results  obtained  under  varying  circumstances.  In  many  instances 
the  wind,  blowing  either  up  or  down  through  the  narrow  pass,  de- 
creased or  increased  the  discharge  corresponding  to  a  given  gauge- 
height.  Other  factors  also  enter  to  give,  in  many  cases,  a  consider- 
able range  of  discharge  for  any  given  height..  In  the  work  of  the 
Survey,  however,  it  has  been  found  impossible  to  discriminate 
between  the  discharges  for  various  directions  and  velocities  of  wind 
or  for  rising  and  falling 'water;  and  the  attempt  is  made  to  construct 
the  rating-curve  of  such  a  character  that  it  averages  all  these  minor 
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conditions,  and  thus,  while  in  any  one  instance  the  discharge  as  taken 
from  the  rating-curve  for  a  given  height  may  not  be  as  accurate  as  a 
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measurement  made  on  that  date,  yet  in  the  long  run,  through  months 
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and  seasons,  the  averages  should  possess  a  considerable  d^ree  of 
accuracy. 

Discharge  in  seoond-feet 


Figs.  6  to  16  show  the  daily  discharge  of  various  rivers,  princi- 
pally for  the  years  1889,  1890,  and  1891.     On  these  diagrams  the 
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space  from  left  to  right  indicates  the  time  progressively  through  the 
year,  as  shown  by  the  headings  giving  the  names  of  the  months.     As 
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it  would  be  impossible  on  such  small  diagrams  to  show  each  day^ 
only  sufficient  lines  are  given  to  serve  as  a  guide,  these  being  for  the 
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tenth  and  twentieth  days  of  each  month,  and  the  last  day  or  begin- 
ning of  the  next  month.  The  fluctuations  of  the  rivers  on  interme- 
diate days  can  be  ascertained  by  dividing  the  spaces  proportionally 
by  the  eye.  The  distance  from  the  base  upward  in  these  diagrams 
represents  the  discharge  of  the  river  in  second-feet.  In  most  of  them, 
for  clearness,  the  horizontal  lines  have  been  drawn  only  for  thou- 
sands of  second-feet,  but  the  intermediate  values,  as  in  the  case  of 
single  days,  can  be  obtained  by  proportional  subdivision.  The  full 
black  line  represents,  in  all  cases,  the  discharge  for  1890,  and  the 
dotted  line  that  for  1891. 

Fi^.  6  gives  the  discharge  of  the  Madison  river  near  Red  Bluff, 
Madison  county,  Mont.,  from  April  4,  1890,  to  the  end  of  Augost, 
1891.  On  April  4th,  the  discharge  was  1520  second-feet,  and  there- 
fore the  discharge-curve  begins  at  a  short  distance  to  the  right  of  the 
vertical  line  which  separates  March  from  April,  and  a  little  over 
half-way  between  the  horizontal  lines  for  1000  and  2000  second-feet. 
On  April  5th,  the  discharge  was  1580  second-feet,  and,  as  shown  by 
the  diagram,  the  line  of  discharge  rises  a  trifle.  On  the  sixth,  the 
discharge  was  1420  feet,  and  therefore  the  discharge  line  descends. 
The  fluctuations,  then,  for  a  week  or  more,  are  very  small,  scarcely 
distinguishable,  and  on  April  17th  the  lowest  water  for  the  month, 
1380  second-feet,  was  reached.  From  that  time  the  advance  was 
constant,  and  by  the  1st  of  May  the  discharge  was  over  3000  second- 
feet.*  The  river  still  continued  to  rise  with  minor  fluctuations,  such 
as  that  of  May  11th  and  May  18th,  probably  due  to  changes  of  tem- 
perature, a  cold  day  checking  the  flow.  The  maximum  of  6420 
second-feet  was  reached  on  the  29th  of  May,  followed  by  a  slight 
decline  and  return  on  the  4th  of  June,  from  which  time  the  river 
continued  to  fall,  with  various  fluctuations,  through  June  and  July, 
reaching  a  minimum  in  the  early  part  of  August.  Then,  as  shown 
by  the  diagram,  the  fluctuations  continued  through  the  rest  of  the 
year,  generally  below, 1500  second-feet.  After  the  Slst  of  December 
the  discharge-line  is  continued,  but  now  as  a  dotted  line  on  the  left 
side  of  the  diagram,  the  fluctuations  during  January  and  February 
being  similar  to  those  of  November  and  December  of  the  year  pre- 
ceding. During  May  and  June  of  1891  the  discharge,  as  shown  by 
the  position  of  the  dotted  line  below  the  solid  line,  was  far  less  than 
that  of  the  preceding  year,  the  maximum,  reached  on  the  20th  of 
June,  being  only  4620  second  feet 

Fig.  7  gives  the  discharge  of  the  Missouri  at  Craig,  Mont.,  about 
30  miles  north  of  Helena  and  50  miles  above  Great  Falls.     The 
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thin  continuous  line  in  the  lower  left-hand  corner  gives  the  discharge 
of  the  river  at  Cafion  Ferry^  about  16  miles  eastward  from  Helena, 


DiBcharge  in  second-feet. 


for  the  fall  of  1889.     It  is  to  be  noted  on  this  diagram  that  the 
discharge  for  1891  exceeded  that  of  1890,  although  the  contrary 
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wa8  true  in  the  case  of  the  Madison,  one  of  its  principal  tributaries, 
thus  indicating  that  the  greater  part  of  the  llooi  came  from  some 
other  source. 

Dissharge  in  second-feet. 
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The  discharge  of  the  Yellowstone  at  Horr,  Park  county,  Mont. 
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is  shown  on  Fig.  8  from  August  12,  1889,  to  the  end  of  Augnst, 
1891.     Here,  as  in  the  case  of  the  Madison,  the  discharge  for  1891 
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was  decidedly  less  than  that  for  1890.     One  feature  characteristic  of 
these  northern  rivers  is  well  shown  on  this  diagram,  namelj,  the 
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rapid  fluctuations  of  discharge  due  to  changes  of  temperature  in  the 
mountains.  The  river-water  comes  largely  from  melting  snow,  and 
as  a  consequence  any  change  in  the  weather^  though  comparatively 
slight^  shows  itself  upon  the  flow  of  the  streams. 

Fig.  9  gives  the  discharge  of  the  Arkansas  at  Caflon  City,  Col- 
orado, from  May  10,  1888,  to  the  end  of  August,  1891,  and, 
although  somewhat  confusing,  is  of  especial  interest  as  showing  the 
fluctuations  for  nearly  four  years.  The  discharge  for  1888  is  shown 
by  a  thin  line  marked  by  dots,  and,  as  can  be  seen  by  careful  inspec- 
tion, in  general  follows  the  discharge  for  1890  quite  closely.  For 
1888,  however,  the  discharge  line  is  very  low,  this  being  a  year  of 
unusual  drought.  During  June  it  barely  reaches  the  discharge  of 
2000  second-feet.  The  maximum  for  the  year  is  that  of  August  9th, 
when,  owing  to  a  storm  of  unusual  violence,  a  sudden  and  destruc- 
tive flood  occurred,  tearing  out  many  bridges  and  canal-head  works 
along  the  stream.  Floods  of  this  character,  which  rise  in  a  day  or 
even  in  a  few  hours,  are  far  more  to  be  dreaded  than  the  gradual 
increase  during  spring.  The  year  1891  is  characterized  by  a  flood 
on  June  13th,  reaching  a  maximum  of  4230  second-feiet,  after 
which  the  river  declined  rapidly.  Another  noticeable  feature  is  the 
low  water  during  the  latter  part  of  May,  1891,  at  a  season  when,  in 
1890,  the  water  was  high. 

Figs.  10,  11,  and  12,  showing  the  discharge  of  the  Rio  Grande  at 
Del  NoFte,  Etnbudo,  and  El  Paso,  are  introduced  in  order  to  ex- 
hibit the  behavior  of  the  same  river  at  three  diflerent  points,  viz. : 
at  its  head-waters  and  in  its  lower  portions.  The  diagram  for  EI 
Paso,  Fig.  12,  is  in  vertical  scale  double  that  of  the  other  two,  in 
order  to  exhibit  the  extent  of  the  flood  of  1891.  In  other  respects 
the  figures  are  comparable.  Examining  these  in  succession,  it  will 
be  seen  that  during  low  water  in  1889  there  was  a  decrease  in 
amount  from  the  upper  to  the  lower  stations,  the  river  at  El  Paso 
being  dry.  During  1890  the  discharges  at  three  points  were  simi- 
lar, the  early  floods  of  April,  as  might  be  expected,  being  greater  on 
the  lower  reaches  of  the  river.  In  1891  the  most  conspicuous 
feature  is  the  flood  of  early  May,  the  maximum  in  second-feet  being 
for  Del  Norte  5650,  on  Mpy  7th  ;  for  Embudo,  8550,  on  May  10th  ; 
and  the  top  of  the  flood  reaching  EI  P&so  May  18th,  with  a  maximum 
of  16,620  second-feet.  As  will  be  seen  from  the  great  increase  in 
the  lower  river,  the  greater  part  of  this  flood  must  have  come  from 
places  below  Embudo.  This  emphasizes  the  statement  before  made 
that  on  the  lower  courses  of  these  southern  rivers  the  range  of  flue- 
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taatioQS  increases  enormously,  although  the  average  discharge  for 
the  whole  year  may  be  but  slightly  above  that  for  the  upper  part  of 
the  river. 

Discharge  in  second-feet. 
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Fig.  13  shows  the  discharge  for  Salt  river,  Arizona,  at  a  point 
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below  its  junction  with  the  ,Verde,  the  records  of  discharge,  as  pre- 
vioQslj  stated,  being  kept  hj  the  engineer  of  the  Arizona  Canal 
Company.  Comparing  this  with  the  diagrams  previously  shown, 
the  greatest  possible  contrast  is  noticeable.  In  this  case  there  are  no 
spring  floods.  During  May  and  June  the  river  is  at  its  minimum  ; 
and  finally,  when  the  water  does  rise,  it  is  by  short,  sudden  impulses, 
rising  and  falling  within  a  day  or  two,  the  decline  being  almost  as 
sharp  as  the  increase.  The  most  remarkable  features  of  this  dia- 
gram are  the  great  floods  of  February.  That  of  February  22, 
1890,  reached  a  maximum  of  over  143,000  second-feet,  or  nearly 
three  times  the  height  of  the  diagram,  while  that  of  February  24, 
1891|  was  more  than  twice  as  great  as  the  first,  reaching  a  maxi- 
mum, probably  of  300,000  second-feet,  or  over  six  times  the  height 
of  the  diagram.  This  great  flood  destroyed  a  part  of  the  Arizona 
Company's  irrigating-canal,  and,  passing  down  the  valley  to  the 
Gila,  washed  out  bridges  and  head  works  of  irrigating-ditches  along 
its  course,  and  finally,  escaping  into  the  Colorado,  caused  that  stream 
to  open  an  abandoned  channel  leading  into  the  depression  of  south- 
western California.  ^ 

Figs.  14  and  16  exhibit  a  type  of  river  in  great  contrast  to  that 
given  above.  These  diagrams,  giving  the  discharge  of  the  Bear 
river  at  Battle  Creek,  Idaho,  and  at  Collinston,  Utah  (the  points  pre- 
viously described),  show  the  extraordinarily  low  water  of  ^he  fall  of 

1889,  i^d  also  exhibit  clearly  the  diminished  discharge  for  1891. 
In  general,  the  discharges  at  the  two  points  follow  each  other  closely, 
that  at  Collinston  being  in  all  cases  greater  on  account  of  the  added 
influx  from  Cache  valley,  Utah. 

Fig.  16,  showing  the  dischai^e  of  the  Owyhee  river  of  south- 
eastern Oregon,  is  typical  of  streams  which  receive  the  greater  por- 
tion of  their  water  from  comparatively  low  mountain  masses.  Here 
the  discharge  occurs  earlier  in  the  season  than  in  the  case  of  the 
Bear,  the  maximum  being  in  April  or  early  May  instead  of  in  late 
May  and  June.  The  great  fluctuations  of  volume,  due  to  changes  of 
weather,  are  also  seen  in  the  irregularities  of  the  diagram.  It  is 
noticeable  also  that  the  discharge  for  1891  was  less  than  that  for 

1890,  as  was  the  case  on  most  of  the  rivers  measured  by  the  Geo- 
logical Survey.  One  flood,  that  of  May  12,  1890,  reaching  a  maxi- 
mum of  11,230  second-feet,  was  too  great  to  be  shown  on  the  dia- 
gram to  its  full  height. 
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Discussion. 

Remarks  were  made  by  Messrs.  Birkinbine^  Coxe,  Piatt,  Fernow 
and  Raymond  in  general  discussion  of  the  above  paper — mainly  in 
recognition  of  the  importance  of  the  subject  to  mining  as  well  as 
agriculture.     In  answer  to  questions,  Mr.  Newell  said  : 

Observations  of  rainfall  are  made  by  a  considerable  number  of 
observers,  scattered  over  the  country;  but  the  measured  rainfall 
does  not  correspond  directly  with  the  volume  of  the  streams.  Many 
conditions  influence  this  relation,  particularly  the  circumstance  that 
the  rivers  under  examination  receive  their  principal  water-supply 
from  melting  snows  in  the  mountains. 

With  regard  to  the  amount  of  water  which  flows  out  of  sight, 
beneath  the  surface,  in  some  of  the  western  rivers,  it  should  be  borne 
in  mind  that  the  ^'immense''  outflows  derived  from  artesian  wells 
are  really  very  BULtM  in  comparison  with  a  river.  An  artesian  well 
which  flows  five  cubic  feet  per  second  is  a  very  large  one;  but  five 
cubic  feet  per  second  is  insignificant  for  a  river. 


.  THE  MAGNETIC  CONCENTBATION  OF  IBONOBE. 

(A  Discussion  held  at  the  Glen  Summit  Meeting,  October,  1891,  together  with 
Communications  subsequently  made  to  the  Secretary.) 

[Note. — The  paper  of  Mr.  Hoflinan  on  "  Practical  Results  in 
the  Magnetic  Concentration  of  Iron-Ore"  (page  602);  that  of  Mr. 
Langdou  on  "The  Use  of  Magnetic  Concentrates  in  the  Port  Henry 
Blast-Furnaces"  (page  599);  and  those  of  Mr.  I^andis  on  "The  De- 
termination of  Iron  in  the  Tails  from  Magnetic  Concentration  " 
•  (page  609)  and  "Note  on  Sampling  Iron-Ore"  (p^g^  61 1);  ^^^^  *1^ 
prepared  as  contributions  to  this  discussion.] 

The  papers  of  Mr.  Langdon  and  Mr.  Hoffman  were  presented. 

W.  H.  Hoffman,  Croton  Mines,  N.  Y. :  I  will  add  a  few  re- 

0  ... 

marksy  by  way  of  answer  to  inquiries  for  further  details.  The 
Croton  Mines  are  particularly  well  located  for  cheap  mining.  The 
ore- bed  is  very  large,  and  so  lies  in  relation  to  the  railway  tracks  of 
the  Harlem  and  other  railroads  that  a  very  large  proportion  of  our 
mining  for  several  years  to  come  can  be  done  above  these  tracks.  The 
concentrating-mill  is  now  400  feet  from  where  we  are  working  in  the 
quarry.     In  blasting  we  never  remove  less  than  2500  tons  at  a  blast^ 
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and  sometimes  4000  tons.  We  haul  off  and  break  the  large  pieces 
immediately  afterwards.  With  these  ores  we  mix  from  one-quarter 
to  one-half  of  waste  from  the  old  mining  operations  which  have  been 
going  on  for  six  or  seven  years,  and  in  which  about  50,000  tons  of 
foundry-ore  were  shipped.  The  dump  is  immediately  alongside  of 
the  mill.  All  the  ore  from  the  dump  or  the  quarry  has  to  be  lifted 
to  the  crushers,  a  height  of  21  feet. 

The  ore  is  crushed  in  the  initial  crusher  to. pass  through  a  2|-inch 
sieve.  It  then  goes  to  the  top  of  the  roasters,  nearly  all  of  which 
are  so  arranged  as  to  be  automatically  drawn,  and  require  no  help 
at  the  bottom.  The  ores  are  conveyed  automatically  into  the  Stur- 
tevant  mill  and  thence  to  the  screen,  and  the  material  rejected  from 
,the  screen  comes  back  to  the  mill.  We  first  reconstructed  from  a 
former  mill  and  of  course  retained  much  of  the  old  machinery.  But 
we  have  purchased  new  machinery  in  order  to  experiment  with  the 
crushers  and  rolls,  to  see  which  would  be  the  best  adapted  when  we 
came  to  the  point  of  mining,  as  we  propose  to  do,  from  1500  to 
2000  tons  in  twenty-four  hours.  Hence,  in  these  experiments,  we 
have  made  very  careful  notes  of  our  wear  and  tear  and  of  the  power 
required  for  the  machine.  It  was  evident  that  the  multiplicity  of 
machinery  would  have  to  be  dispensed  with,  in  order  to  make  mag- 
netic separation  really  profitable.  The  Sturtevant  mill  was  one  of 
our  experiments,  and  we  have  now  run  it  for  seventeen  months.  The 
machine  requires  94  horse-power  to  make  880  revolutions  per 
minute,  and  to  reduce  say  20  tons  of  rock  per  hour,  so  that  it  will 
pass  through  a  12- mesh  screen.  Strictly  speaking,  it  passes  22  tons 
per  hour,  but  20  per  cent,  of  that  comes  back  to  the  mill,  having 
been  rejected  by  the  12  mesh  screen.  For  screening  we  have  tried 
several  kinds  of  wire-cloth  and  several  kinds  of  plates.  We  first 
used  Russia  iron  and  now  we  use  steel  plates,  rolled  hard  and  then 
punched  with  slots  one-twelfth  of  an  inch  wide,  three-eighths  of  an  ^ 
inch  long  and  three- tenths  of  an  inch  apart,  so  as  to  give  strength 
enough  to  the  plates.  These  wear  admirably.  We  have  just  taken 
out  a  set  of  screen-plates  which  have  been  in  use  for  thirteen  months. 
We  consider  that  an  extraordinary  wear.  By  means  of  complete 
arrangements  for  automatic  handling  at  all  stages  of  our  operations, 
including  the  final  loading  of  the  railroad-cars  from  our  storage- 
bins,  we  believe  we  are  getting  economy  down  to  a  point  never 
reached  before. 

The  crude  ore,  concentrates  and  tailings  are  analyzed  every  day. 
Last  year  our  tailings  carried  from  10  to  14  per  cent,  of  iron;  they 
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are  now  running  from  7  to  8  per  cent.  We  have  devoted  a  great 
deal  of  attention  to  that  one  point,  because  in  that  lies,  of  course,  a 
large  amount  of  the  profit  in  the  business.  We  assume  our  ore  to 
average  38  per  cent,  of  iron,  though  it  really  carries  more.  In  July 
and  August  it  ran  nearly  39  per  cent.  At  the  same  time  we  should 
not  think  of  running  a  large  mill  where  we  would  have  more  than 
7  or  8  per  cent,  lefl  in  tailings. 

As  to  the  low  cost  of  our  mining — a  point  which  has  attracted 
considerable  attention — I  would  say  that  we  sent  to  several  parties, 
some  time  ago,  a  preliminary  bid,  carefully  prepared  under  the 
advice  of  Mr.  Birkinbinej  and  the  bids  we  received  were  in  all 
cases  below  the  figures  named  in  my  paper — viz.,  $1.38  per  cubic 
yard.  That  shows  what  reputable  contractors  think  of  the  mine  as 
a  place  to  work  in  for  profit.  These  were  all  men  of  experience  in 
mining  iron-ore,  as  well  as  quarrying,  and  all  of  them  examined  the 
property  in  person  or  through  their  own  engineers;  so  that  we  know 
that  the  price  at  which  we  have  contracted  to-day  is  higher  than  what 
we  can  get  it  done  for  on  still  larger  amounts.  We  are  mining 
now  from  680  to  620  tons  in  twenty  hours.  As  to  the  use  of  the 
concentrates  I  cannot  speak  from  personal  knowledge,  not  being  a 
furnace-man ;  but  we  have  had  many  letters  from  consumers  ex- 
pressing satisfaction. 

The  two  papers  of  Mr.  Landis  were  then  read  by  the  Secretary. 

The  Prebident  presented,  as  pertinent  to  this  discussion,  the 
following  letter  from  Mr.  Woodbridge,  dated  September  30,  1891, 
and  giving  the  results  of  a  series  of  determinations  made  at  his 
request : 

T.  R.  Woodbridge,  Port  Henry,  N.  Y.  (Communication  to  the 
President) :  In  a  letter  to  you  on  May  9th  last,  I  gave  a  table  of 
seventy-one  determinations  of  iron  in  the  Old  Bed  tailings  from 
several  magnetic  separators,  showing  the  percentages  of  the  total 
iron  contents  which  was  insoluble  in  dilute  hydrochloric  acid.  As 
you  remember,  the  letter  was  a  continuation  of  a  discussion  on  the 
claim  made  by  representatives  of  certain  separators,  that  nearly  all 
of  the  iron  in  the  tailings  was  "non-magnetic;"  and,  therefore,  the 
comparatively  high  percentage  of  iron  in  the  tailings  were  not  an 
indication  of  inefficient  work  of  the  machines.  The  averages  from 
that  table  were  as  follows  (see  page  578) : 

The  amount  of  iron  dissolved  by  hydrochloric  acid  was  then  sup- 
posed to  indicate  approximately  the  amount  of  magnetite  in  the 

mass;  that  is,  it  was  aasumed  that,  of  the  iron-bearing  minerals, 
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little  else  than  magnetite  gave  up  iron  to  dilute  hydrochloric  acid. 
At  that  time,  however,  and  in  former  discussions,  I  said  that  this 
method  gives  but  a  rough  approximation ;  since,  although  all  the 
magnetite  does  dissolve  in  the  acid,  the  amount  of  iron  given  up  bj 
the  silicates  depends  on  the  strength  and  temperature  of  the  acid 
used  and  on  the  time  it  is  allowed  to  act  upon  the  powder. 

Averages  from  Table  of  Irons. 


No.  of 

Samples 

taken. 

Machine. 

Total  Iron  in 
Tailings. 
Per  cent. 

Insoluble 

in  HCl. 

Per  cent 

Soluble 

in  HCl. 

Per  cent. 

Per  ct  of  total 
which  was 
Insoluble. 

17 
21 

No.l 
No.  2 

9.01 
9.97 

1.90 
1.96 

7.11 
8.01 

21.1 

19.7 

38 

Averages, 

9.86 

1.92 

7.44 

20.5 

Later  investigations,  although  not  entirely  satisfactory,  have  de- 
veloped some  facts  of  interest.  For  instance,  Rosenbusch  says  that 
"all  iron  bearing  minerals  may  be  separated  from  non-ferruginous 
minerals  by  means  of  an"  electro-magnet."  In  experimenting  with 
Old  Bed  tailings,  I  have  found  that  three  passes  under  the  poles  of 
an  electro-magnet  left  a  residue  consisting  mostly  of  apatite,  quartz 
and  feldspar,  and  containing  from  0.30  to  0.60  per  cent,  of  iron.  A 
few  more  passes  left  a  perfectly  white  residue  with  but  a  trace  of 
iron,  and  I  have  been  unable  so  far  to  find  in  the  Old  Bed  ores  any 
compound  of  iron  which  the  electro-magnet  refused.  Even  crystals 
of  apatite  containing  less  than  1  per  cent,  of  iron  were  easily  re- 
moved from  the  powder  without  being  brought  into  contact  with  the 
poles  of  the  magnet.  It  seems  to  me  that  this  effectually  disposes 
of  the  term  ** non-magnetic"  iron,  so  far  as  Old  Bed  ores  and  their 
&<)Sociated  minerals  are  concerned.  In  this  connection  it  may  in- 
terest you  to  know  that  I  have  found  pieces  of  Michigan  hematite  to 
be  strongly  attracted  by  an  electro-magnet  run  by  two  one-half 
gallon  Bunsen  cells.  The  pieces  weighed  about  one-third  of  a  gramme, 
contained  less  than  0.20  per  cent,  of  FeO,  and  jumped  one-eighth  of 
an  inch  to  the  magnet.  I  would  not,  however,  advise  the  invest- 
ment of  much  capital  in  the  magnetic  concentration  of  hematite 
ores  on  the  strength  of  this  experiment. 

The  problem  as  to  the  amount  of  magnetite  in  the  tails  I  have 
found  great  difficulty  in  solving,  and  have  as  yet  discovered  no  sat- 
isfactory method  of  determining  the  mineral.     A  weak  bar-magnet 
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would  seem  to  offer  a  ready  means,  but  owing  to  inclusions  (even 
with  the  ore  crushed  to  lOO-mesh)  I  have  been  unable  to  obtain 
magnetite  purer  than  69.60  per  cent,  of  iron ;  and  the  residue  even 
then  contained  magnetite.  Neither  are  chemical  methods  entirely 
satisfactory. 

The  tails  consist  principally  of  pyroxene,  amphibole,  biotite,  feld- 
spar, apatite,  quartz  and  magnetite.  An  experiment  showed  that 
the  first  three  of  these  minerals  gave  up  to  hydrochloric  acid  (1.07 
sp.  gr.)  from  25  to  95  per  cent,  of  their  total  iron  contents.  As  they 
contain  as  high  as  15  per  cent,  of  iron,  the  table  given  above  shows 
too  low  a  percentage  for  the  iron  in  the  silicates  and  too  high  a 
percentage  for  the  iron  in  the  magnetite.  Hydrochloric  acid  of  lower 
specific  gravity  gave  similar  results. 

Dilute  sulphuric  acid  dissolved  little  more  than  the  apatite  and 
carbonate,  and  the  strong  acid  decomposed  a  portion  only  of  the 
silicates  and  appreciably  attacked  the  magnetite.  Treated  with  cold 
dilute  hydrofluoric  acid  for  four  hours,  over  98  per  cent,  of  a  weighed 
portion  of  magnetite  passes  into  solution,  although  this  acid  is  sup- 
posed to  have  no  action  on  magnetite. 

Results  with  other  acids  having  been  so  far  largely  negative,  I 
will  not  detail  them  here.  I  hope  soon  to  determine  accurately  the 
amount  of  magnetite  lost  in  the  tailings;  but  I  think  at  present 
that,  for  practical  purposes,  two-thirds  of  the  total  iron  contents 
represented  by  the  above  table  may  be  considered  to  be  due  to  mag- 
netite. That  is,  that  the  average  tails  represented  contain  about 
8.62  per  cent,  of  their  weight  of  magnetite.  « 

R.  W.  Raymond,  New  York  City:  I  am  reminded  by  Mr. 
Woodbridge's  letter  of  a  paper  contributed  by  Prof.  Egleston  to  our 
Transactions  many  years  ago  on  the  analysis  of  rocks  (St.  Louis 
Meeting,  1874,  Transactions  iii.,  94),  in  which  he  described  a  pro- 
cess of  combined  chemical  and  mechanical  analysis  invented  by 
Mr.  Fouque  of  the  College  of  France.  The  first  stage  was  simply 
a  reduction  to  powder.    Of  the  second  stage,  Prof.  Egleston  says : 

"  In  order  then  to  separate  those  parts  which  contain  iron  from 
those  which  do  not,  the  powder  is  submitted  to  the  action  of  an 
electro- magnet,  worked  by  eight  or  nine  ordinary  Bunsen  cells. 
The  mineralogical  elements  of  the  rock  are  thus  divided  into  two 
parts;  those  which  contain  iron,  even  in  very  small  proportions, 
whether  combined  with  silica  or  not,  and  those  which  contain  no 
iron." 

The  paper  goes  on  to  describe  in  detail  the  method  of  using  the 
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magnet.  I  remember  very  well  that  Dr.  Drown,  then  Secretary  of 
the  Institute,  was  surprised  at  the  statement  about  the  silicates.  He 
consulted  me  and  others,  and  we  thought  Prof.  Egleston  must  have 
omitted  some  intermediate  step  of  treatment,  such  as  exposure  to  a 
stream  of  hydrogen.  But  when  we  ap{>ealed  to  him  he  adhered 
positively  to  his  first  statement,  and  so  it  went  into  the  Transactions 
on  his  authority.  Subsequent  inquiry  abroad  resulted  in  a  con- 
firmation of  his  paper,  and  we  gave  up  what  we  had  fancied  would 
prove  a  good  joke  on  him  I  I  suppose  it  is  now  generally  believed 
that  the  magnetic  property  in  magnetite  is  due  to  its  protoxide;  in 
other  words,  that  the  protoxide  of  iron  is  magnetic.  As  the  silicates 
all  carry  their  iron  as  protoxide,  the  inference  is  that  iron  in  such 
combinations  is  still  more  or  less  susceptible  to  the  magnet.  I 
confess  that  what  Mr.  Woodbridge  says  about  hematites  is  much 
more  surprising  to  me.  I  fancy  that  in  such  a  case  there  must  be 
some  admixture  of  protoxide. 

C.  B.  Dudley,  Altoona,  Pa. :  We  have  recently  been  examining 
in  our  laboratory  some  paints  which  are  oxides  of  iron,  and  to  our 
surprise  when  we  stick  an  ordinary  hand- magnet  into  them  we  can 
pull  out  almost  any  quantity  of  the  mass.  Most  of  them  have  been 
roasted ;  we  have  not  made  a  definite  test  as  to  whether  there  is 
protoxide  there,  but  the  amount  of  material  which  adheres  to  the 
magnet  is  startling. 

I  would  ask  whether  the  method  of  separation  of  the  associated 
minerals  in  these  concentrates  or  tailings  by  means  of  the  Thoulet 
solution  has  been  tried.  I  am  not  familiar  enough  with  the  differ- 
ences in  8|)ecific  gravity  to  know  whether  it  would  work,  but  it 
occurs  to  me  that  possibly  a  heavy  solutiou  might  be  made  which 
would  allow  the  magnet  possibly  to  separate  the  lighter  minerals. 

James  W.  Neill,  Salt  Lake  City,  Utah  (Communication  to  the 
Secretary):  With  reference  to  the  theory  that  FeO  is  magnetic,  and 
that  the  magnetic  character  of  iron-bearing  minerals  is  due  to  it,  I 
would  mention  some  facts  which  do  not  support  that  view.  The 
slags  of  the  lead  blast-furnace  are  protosilicates  of  iron,  including 
also  as  bases  (as  do  many  of  the  natural  silicates)  lime,  magnesia, 
alumina,  etc.  These  slags  carry  from  28  to  52  per  cent,  of  FeO, 
according  to  the  technical  and  commercial  conditions  of  smelting. 
As  made  to-day  in  Colorado,  they  vary  from  28  to  34  per  cent,  in 
FeO,  silica  ranging  from  30  to  35  percent., and  lime  (including  the 
"lime  bases")  from  16  to  28  per  cent.  According  to  the  above 
theory,  these  slags  shbuld  be  attracted  by  the  magnet.     But  this  is 
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not  the  case  with  those  of  Colorado  last  named.  With  higher  per- 
centages of  FeO,  they  become  susceptible  to  the  magnet,  and  the 
slag  having  52  per  cent,  of  FeO  (the  "  quarter-slag  "  of  old  times  in 
Leadville)  is  almost  completely  so.  Just  where  the  line  is  to  be 
drawn,  I  have  not  determined;  but  I  know  that  samples  carrying  40 
per  cent,  of  FeO  were  not  attracted.  I  made  this  observation  in  the 
course  of  experiments  undertaken  with  the  purpose  of  extracting 
from  pulverized  silver-lead  slags  the  enclosed  '* shots''  of  argentif- 
erous matte.  The  matte  was  found  in  all  the  experiments  to  be  mag- 
netic, and  I  was  able  to  extract  with  the  magnet  from  crushed 
"shells"  (passing  an  SO-mesh  screen)  from  33  to  66  per  cent,  of  the 
total  silver  contained  in  the  sample. 

Mr.  Raymond  :  This  interesting  statement  does  not  seem  to  me 
entirely  conclusive,  without  more  definite  quantitative  details  as  to 
the  intensity  of  the  magnet  employed.  The  fact  that  a  simple  in- 
crease of  the  percentage  of  ferrous  oxide  does  at  some  point  develop 
the  visible  effects  of  the  magnetic  attraction^  suggests  at  least  that 
the  attraction  exists  at  lower  percentages,  only  not  in  sufficient 
strength  to  overcome  the  inertia  of  the  total  compound.  Its  energy 
might  be  augmented  either  by  increasing  the  proportion  of  ferrous 
oxide,  or  by  increasing  the  intensity  of  the  magnetic  force. 

William  Kent,  New  York  City :  It  seems  to  me  that  a  partial 
analysis  might  be  made,  based  on  the  difference  of  specific  gravity 
between  the  magnetite  and  other  iron-bearing  minerals.  If  we 
should  crush  the  material  to  a  very  fine  powder,  and  then  blow  it 
with  a  gentle  current  of  air,  the  heavier  particles  would  settle  nearest 
the  current  and  the  lighter  particles  farther  away.  This  is  the  way 
emery  is  treated  in  the  manufacture  of  emery  powder.  Or  it  might 
be  done  by  water-separation,  as  in  separating  graphite,  by  carrying 
it  through  several  tubs  of  water  placed  in  a  row,  one  after  another. 
These  would  separate  the  minerals  in  the  order  of  their  specific 
gravity,  and  the  microscope  could  then  be  used  to  determine  the  nature 
of  the  different  minerals. 

•  Frank  Firmstone,  Easton,  Pa.:  I  have  never  experimented 
personally  with  the  Thoulet  solution,  but  something  was  done  with 
it  two  years  ago  in  the  Pennsylvania  Geological  Survey,  and  according 
to  what  I  heard  of  it  at  that  time  I  should  think  the  Thoulet  solu- 
tion would  be  better  than  any  other  method  for  practical  purposes. 
The  separation  is  exceedingly  neat  and  almost  absolutely  accurate, 
provided  the  fineness  is  not  pushed  to  too  great  a  point.  When  it 
reaches  too  great  a  point  the  material  will  not  settle  with  sufficient 
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rapidity  through  the  solutioi) ;  but  my  impression  is  that  it  would 
not  be  necessary  to  crush  it  to  that  point  in  order  to  get  all  necessary 
practical  information  as  to  the  amount  of  magnetite  in  a  given  ore. 

This  solution  is  iodide  of  mercury  and  iodide  of  potassium  (some- 
times iodide  of  barium,  as  an  improvement  on  the  iodide  of  potas- 
sium). It  is  perhaps  doubtful  whether  it  will  satisfactorily  float  the 
heavier  varieties  of  hornblende.  The  specific  gravity  of  the  Thoulet 
solution  is  above  3.  A  still  heavier  solution  is  that  of  the  boro- 
tungstate  of  cadmium. 

E.  K.  Landis^  Pottstown,  Pa.  (Communication  to  the  Secretary) : 
The  use  of  Tboulet^s  solution  is  scarcely  practicable,  because  the  mag- 
netite is  not>free,  but  mixed  with  particles  of  other  minerals.  In  many 
microscopic  examinations  of  tailings,  I  have  never  found  pure  mag- 
netite when  the  machines  were  working  well.  In  the  Croton  tailings 
I  have  often  found  extremely  small  crystals  of  quartz  to  be  attracted 
by  the  magnet,  although  no  magnetite  could  be  seen  with  the  naked 
eye;  but  on  magnifying  to  100  diameters  a  small  magnetite  crystal 
was  always  discovered  completely  imbedded  in  the  quartz  crystal. 

T.  M.  Dhown,  Boston,  Mass.  (Communication  to  the  Secretary) : 
Thoulet's  solution,  first  proposed  by  E.  Sonstadt,  but  generally 
known  through  the  researches  of  Thoulet,  is  a  solution  of  potassium- 
mercuric  iodide,  the  maximum  density  of  which,  according  to  von 
Goldschmidt,  is  3.196.  The  cadmium  boro-tungstate  solution,  men- 
tioned by  Mr.  Firmstone,  is  that  proposed  by  Dr.  Klein.  It  has  a 
maximum  specific  gravity,  at  15  deg.  C,  of  3.28.  The  calcium 
chloride  solution,  which  I  suggested  {Trans.,  xiii.,  341)  for  washing 
bituminous  coal,  has  a  maximum  specific  gravity  of  1.40,  and  is  of 
course  not  applicable  to  heavy  minerals.* 

Mr.  Hoffman  :  We  have  experimented  at  the  Tilly  Foster 
mine  as  regards  the  magnetic  strength  requisite  for  the  separation, 
and  we  have  yet  to  find  (exceptf  perhaps  an  instance  of  less  than  0.2 
of  1  per  cent.)  a  material  containing  magnetite  that  will  not  be  at- 
tracted by  a  magnet;  and  we  consider  that  if  we  had  had  the  dis- 
tribution on  the  magnetic  separators  then  as  it  ought  to  have  been, 
we  would  have  got  practically  all  the  magnetite.  Anything  that  is 
at  all  magnetic  we  can  generally  recognize  at  the  mine.  We  do  find 
an  occasional  piece  which  looks  like  hematite,  and  is  not  hematite^ 

*  As  hornblende  ranges  from  2.9  to  3.47  in  specific  gravity  (the  aluminous  va- 
rieties being  the  heaviest),  it  is  evident  that  neither  Thoulet's  nor  Klein's  solution 
can  be  depended  upon  to  separate  pure  hornblende  from  pure  magnetite,  though 
the  specific  gravity  of  the  latter  is  4.9  to  5.2. — B,  W.  B. 
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bat  the  proportion  of  that  is  infinitely  smally  perhaps  one  piece  in  a 
month.  Our  only  trouble  in  separating  magnetite  from  gangue  is 
in  having  the  separators  properly  fed,  the  ore  properly  distributed, 
and  the  magqet  clean,  in  good  condition  and  provided  with  proper 
air-circulation. 

J.  C.  Platt,  Waterford,  N.  Y. :  Has  the  non-Bessemer  Port 
Henry  ore  been  brought  up  to  a  Bessemer  standard  as  to  phos- 
phorus by  magnetic  concentration  on  a  commercial  scale? 

N.  M.  Langdon,  Port  Henry,  N.  Y. :  I  have  not  had  charge  of 
the  conoentrating-experiments,  but  my  impression  is  that  the  Bes- 
semer limit  was  not  reached.  I  think  that  1.25  phosphorus  was 
reduced  to  about  0.17. 

George  F.  Knapp,  Steelton,  Pa. :  What  proportion  of  the  con- 
centrates is  carried  over  into  the  flues  of  the  blast-furnaces? 

Mr.  Langdon  :  I  am  unable  to  say  precisely,  but  I  should  esti- 
mate from  4  to  5  tons  a  month,  all  told,  or  about  1  ton  a  month 
more  than  we  usually  have  when  concentrates  are  not  charged.  On 
the  other  hand,  the  flue-dust  is  richer  in  iron  when  concentrates  are 
used.  At  the  bottom  of  the  **  down-comer  "  it  carries  about  66  per 
cent,  of  iron.  This  is,  of  course,  returned  to  the  furnace.  We  are 
using  about  2000  tons  of  concentrates  a  mouth. 

Dr.  Dudley  :  What  effect  does  the  use  of  the  concentrates  have 
on  the  uniformity  of  the  output  of  the  furnace?  I  ask  because  of 
an  experience  I  once  had  with  a  furnace  concerning  which  I  hap- 
pened to  be  called  in  friendly  consultation.  It  would  at  times  pro- 
duce the  most  irregular  product;  once  in  a  while  it  would  give  No. 
1  foundry,  and  then  it  would  jump  to  a  white  iron,  and  there  seemed 
to  be  nothing  in  the  data  connected  with  the  furnace  to  account  for 
these  changes,  unless  it  was  the  fineness  of  the  ore.  As  users  of 
pig-iron  we  find  in  the  shops  of  the  Pennsylvania  Railroad  Com- 
pany that  one  of  our  greatest  di£5culties  is  that  a  ten-,  fifteen-  or 
twenty-car  lot  of  pig-iron  will  not  run  anywhere  near  uniform,  or 
in  accordance  with  the  ten-ton  sample  which  we  may  have  bought. 
In  the  case  of  the  furnace  to  which  I  refer  the  ore  was  very  soft, 
almost  mud  when  it  came  out  of  the  earth,  and  was  allowed  to  dry 
before  it  was  put  in  the  furnace.  I  think  it  was  fossil-ore.  The 
irregularity  was  mostly  in  the  silicon.  Our  requirements  refer 
to  silicoir.  We  buy  a  ten-ton  lot  of  iron,  analyzing  perhaps  2.50  to 
2.75  Si,  and  we  put  that  into  a  cupola,  with  a  lot  of  scrap — ^accord- 
ing to  what  we  want  the  iron  for— and  it  will  carry  the  scrap  very 
nicely  and  we  will  get  very  good  castings.    Then  we  buy  a  200- 
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ton  lot,  and  all  at  onoe  there  is  the  utmost  difficulty  in  getting  along 
with  the  castings.  An  examination  of  the  pig  shows  a  wide  differ- 
ence in  silicon.  We  are  making  r^ular  determinations  from  each 
car-load  of  anthracite-iron  purchased,  and  we  find  that  the  8iIicon 
in  anthracite-iron  runs  from  as  low  as  0.45  to  0.50  all  the  way  up 
to  1.25  to  1.40  per  cent.  This  is  in  iron  specially  made  for  low 
silicon.  It  has  occurred  to  me  that  possibly  this  use  of  concentrates 
might  give  irregularities  in  the  grade  of  the  iron. 

Mr.  Langdon:  Our  ores  are  the  run  of  the  mine.  Usually 
there  is  a  great  deal  of  fine  ore,  more  so,  I  think,  than  with  other 
magnetic  ores.  The  use  of  concentrates  has  made  the  furnace- work 
much  more  uniform  and  regular.  While  we  have  sudden  jumps 
occasionally  from  good  gray  iron  to  hard  iron,  they  are  less  frequent 
than  when  we  used  coarser  ores,  and  they  grow  less  the  more  con- 
centrates we  put  on.  I  attribute  this  result  to  the  fact  that  as  we 
obtain  in  the  charge  a  higher  percentage  of  iron  by  using  more  of 
the  concentrate,  there  is  less  variation  in  the  amount  and  nature  of 
gangue,  and  consequently  our  product  is  more  regular.  We  make 
a  low-silicon  iron,  both  Bessemer  and  mill.  Our  specialty  is  low 
silicon. 

W.  H.  Morris,  Pottstown,  Pa. :  At  the  Pottstown  Iron  Com- 
pany's furnaces,  in  making  the  low-silicon  iron  required  in  our  basic 
process,  we  have  averaged  for  weeks  at  a  time  silicon  in  the  iron 
below  0.4.  Sometimes  we  will  run  down  to  a  trace,  but  ordinarily 
the  silicon  will  fall  between  0.25  and  0.6  or  0.7.  I  think  that  by 
paying  special  attention  and  care  to  the  handling  of  the  furnaces  it 
is  possible  to  control  the  silicon.  If  Dr.  Dudley's  company  would 
put  in  their  specifications  just  what  silicon  they  require,  I  believe 
that  they  could  very  nearly  get  it.  We  are  also  grinding  our  basic 
slag  so  fine  that  about  90  per  cent,  of  it  will  go  through  100  meshes 
to  the  inch,  and  60  per  cent,  of  it  will  go  through  150  meshes  to  the 
inch.  The  difficulty  we  have  with  the  machine  we  have  been  using 
is  the  steel  shot  in  the  slag,  which  wears  out  the  blades.  We  have 
had  up  the  question  of  magnetic  separation,  but  have  not  as  yet 
adopted  it,  and  should  of  course  prefer  to  get  along  without  it  if 
possible.  The  slag  itself  is  largely  composed  of  phosphate  of  lime, 
which  makes  a  very  rich  fertilizer,  and  has  been  used  for  many  years 
abroad. 

E.  S.  Moffat,  Scranton,  Pa. :  Having  had  some  experience  in 
the  working  of  magnetic  ore-concentrates,  I  have  read  Mr.  Lang- 
don's  paper  with  much  interest,  and  to  some  extent  can  corroborate 
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bis  results  by  stating  that  I  have  never  been  able  to  attribute  any 
want  of  uniformity  in  the  working  of  the  furnaoe  or  in  the  character 
of  the  iron  produced  to  the  use  of  concentrates.  Our  furnaces  at 
Scranton  have  seemed  to  work  about  the  same  when  we  were  using 
concentrates  as  when  we  were  not  using  them.  We  have,  however, 
not  observed  that  the  concentrates  required  any  less  fuel  per  ton  of 
iron  made  than  other  magnetic  ores  of  the  same  richness,  nor  have 
we  experience<1  much  increase  in  the  pressure  of  the  blast  when  using 
them.  If  we  have  not  obtained  as  marked  results  in  these  respects 
as  Mr.  Langdon  has  done,  it  may  be  due  to  the  fact  that  although 
we  have  consumed  a  considerable  amount  of  concentrates  in  the 
aggregate,  we  have  never  used  as  large  a  proportion  at  any  one 
time  as  he  has  done. 

To  the  best  of  my  belief  the  Lackawanna  Iron  and  Coal  Company 
was  the  first  concern  to  use  any  considerable  quantity  of  magnetic 
concentrates  in  the  blast-furnace.  We  commenced  using  them  about 
six  years  ago  and  have  continued  their  use  much  of  the  time  since 
then.  Up  to  October  1,  1891,  we  had  consumed  the  following 
amounts  of  concentrates  of  different  kinds: 

Gross  Tons. 

Chateaugay, • 52,562 

Tilly  Foster, 21.875 

Crown  Point, 4,821 

Little  River 1,500 

Edison, 117 

Moant  Hope, 40 


» 


The  Edison  concentrates  were  60-mesh ;  the  Little  River  1 6- 
mesh ;  the  Chateaugay  ^--inch  mesh ;  and  the  Tilly  Foster  f -inch 
mesh.  Our  experience  has  been  most  extended  with  the  Chateaugay 
concentrates,  which  we  have  used  in  varying  proportions  from  ^  up 
to  one-half  of  the  ore-mixture,  with  results  which  have  been  already 
published.  We  have  used  this  ore,  just  as  we  have  used  any  other 
ore  of  like  richness,  and  have  noticed  no  difference  in  the  results. 
As  for  the  finer  concentrates,  I  would  say  that  our  blast-furnace 
superintendent,  Mr.  A.  H.  Lee,  has  found  no  difficulty  in  using 
Little  River  16-mesh,  or  Edison  60-mesh.  These  concentrates, 
being  very  fine  and  very  dry,  have  a  tendency  to  fly  considerably 
while  being  unloaded  from  the  cars  and  on  being  dumped  into  the 
furnace.  This  trouble  Mr.  Lee  overcame  by  moistening  the  ore 
before  unloading. 

We  were  quite  apprehensive  that   much   of  these  concentrates 
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might  be  carried  over  into  the  flues,  fearing  that  such  extremely  fine 
material  while  falling  from  the  bell  into  the  furnace  and  meeting  the 
current  of  ascending  gas  would  be  carried  along  by  it  to  a  consider* 
able  extent.  We  were  agreeably  disappointed,  however,  in  finding 
very  little  in  the  flues,  although  what  was  there  was  rich  in  iron, 
containing  over  60  per  cent. 

Mr.  Kent  :  I  had  the  pleasure  of  visiting  the  Ogden  mine  a  short 
time  ago,  and  was  impressed  with  the  difference  between  mining  for 
ore  to  be  concentrated  and  mining  for  ore  fit  to  ship  without  oonoen- 
tration.  The  old  Ogden  mine-workings  were  on  narrow  chutes  or 
pockets  of  ore,  from  3  to  12  feet  wide,  and  from  200  to  300  feet 
long,  and  going  down  to  any  depth  from  which  it  was  economically 
practicable  to  pump  water.  They  were  interrupted  by  horses,  and  by 
every  other  trouble  known  to  miners.  Now  the  operators  are  going 
over  the  same  ground,  and  quarrying  the  whole  mass  of  rock,  300 
feet  wide  and  of  unknown  depth,  and  they  have  an  enormous  quantity 
of  it  in  sight.  In  the  direct  cost  of  extraction  per  ton,  the  advan- 
tage of  quarrying  over  the  old-fashioned  way  of  mining  is  immense. 
The  commercial  problem  of  concentration  seems  to  be  not  so  much  one 
of  efiScient  magnetic  separators  as  of  quarrying,  and  transportation  to 
the  crushers,  and  (of  more  importance,  perhaps,  than  anything  else) 
screening,  handling  inside  of  the  mill,  and  getting  machinery  that 
will  not  wear  out  too  fast.  The  cost  of  labor  is  comparatively  small ; 
that  of  repairs  to  machinery  seems  to  be  the  most  important  item 
at  present.  I  am  glad  to  hear  that  at  the  Croton  mines  they  seem  to 
have  solved  that  part  of  the  problem. 

Mr.  Raymond:  There  are  two  stahdpoints  for  the  consideration 
of  this  subject— the  economical  preparation  of  the  concentrates,  and 
their  economical  use.  Mr.  HoiFman's  paper  quotes  a  passage  in  a 
letter  of  mine,  published  by  Mr.  Birkinbine  in  his  paper  {Drana- 
aoHona,  xix.,  656),  on  ''Progress  in  Magnetic  Concentration  of 
Iron-Ore.'^     This  is  what  I  wrote,  in  connection  with  other  things : 

"So  far  as  I  can  see,  at  this  stage  of  our  practice,  waste  damps  only,  or  the  re- 
jected portion  of  an  oatpat,  other  portions  of  which  have  been  shipped  at  a  profit 
covering  the  whole  cost  of  mining,  can  be  used  successfully  as  the  raw  material  of 
concentration." 

In  another  passage,  I  said,  substantially,  that  I  knew  of  no  Am- 
erican mine  where  it  would  pay  to  mine  and  conomtrate  a  lean  mag- 
netite, when  there  was  nothing  shipped  except  the  result  of  the 
concentration  of  the  ore. 
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I  am  willing  to  stand  by  those  statements  still.  I  do  not  yet 
know  of  any  American  mine  where  it  will  pay^  but  I  admit  frankly 
that  the  statement  presented  by  Mr.  Hoffman  in  his  paper^  and 
amplified  by  his  explanations  to-day,  indicates  such  a  case ;  and 
when  the  business  he  describes  shall  have  been  continued  for  a  suf- 
ficient length  of  time  to  enable  him  to  verify  his  figures  from  the 
books  of  a  year's  operations  on  mined  ore  alone,  I  shall  gladly  re- 
cognize his  mine  as  the  exception  that  proves  the  rule.  In  other 
words,  in  reply  to  my  sweeping,  off-hand  opinion  that,  '^  at  this  stage 
of  our  practice''  (1890),  the  economical  result  of  magnetic  concen- 
tration did  not  leave  a  profit  covering  all  mining  costs,  Mr.  Hoff- 
man produces  a  case  of  actual  (but  later)  practice,  in  which  the  busi- 
ness does  pay.  And,  in  this  case,  I  notice  that  the  expense  of 
mining,  handling,  crushing,  and  delivering  the  ore,  is  only  61  cents 
a  ton.  This  does  not  include  the  item  of  royalty,  or  any  estimate 
for  the  condition  which  ordinarily  recurs  at  such  ore-quarries — 
namely,  the  necessity  of  special  extra  stripping.  When  that  situation 
arrives,  the  contractor  who  has  to  take  out  the  next  100,000  tons 
may  not  be  willing  to  accept  the  interesting  clause  in  Mr.  Hoffman's 
specification  binding  him  to  do  the  stripping  for  nothing.  That  is 
the  time  when  capital  will  have  to  go  into  the  mine,  or  else  the 
mining  cost  per  ton  will  have  to  be  advanced. 

Agaiin,  I  notice  that  a  considerable  proportion  of  the  material 
crushed  and  concentrated,  according  to  Mr.  Hoffman's  statement, 
is  waste  material,  already  mined  ;  and  I  am  not  able,  by  simple  ex- 
amination of  the  statement,  to  deduce  from  it  exactly  what  would  be 
the  commercial  costs  and  profits  if  all  the  raw  material  had  to  be 
mined. 

Finally,  the  extraordinary  economy  he  exhibits  in  the  mining  and 
handling  of  material  seems  to  be  due,  partly  to  exceptionally  favor- 
able natural  conditions,  partly  to  exceptional  intelligence  and  skill 
in  the  planning  and  directing  of  operations,  and  partly  to  large 
expenditures  in  machinery  and  experiments.  Of  course,  it  would 
not  be  fair  to  charge  against  the  running  cost  of  mining  and  treat- 
ment per  ton,  the  sum  required  to  recoup,  with  interest,  all  experi- 
mental outlays.  Yet  we  all  know  that  in  every  enterprise  of  .this 
kind,  such  expenditures  are  inevitable,  though  for  the  pioneers  they 
are  heavier  than  for  their  imitators.  But  whatever  allowance  must 
be  made  for  experiments,  it  is  certain  that  the  marvellous  cheapness' 
of  operation,  illustrated  in  Mr.  Hoffman's  paper,  is  only  to  be  secured 
by  expensive  plants,  and  by  work  on  a  large  scale.     The  mine  must 
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permit  sach  a  scale  of  work,  the  management  mast  be  campetent  to 
execute  it,  and  the  cost  of  the  plant  must  be  recouped  with  interest, 
before  the  mine  is  exhausted,  or  rather,  before  the  situation  changes, 
whether  that  change  be  due  to  the  actnal  exhaustion  of  the  mine  or 
the  necessity  for  extra  dead-work,  or  new  construction.  This  charge, 
like  that  for  the  gradual  deterioration  of  plant,  is  not  easy,  perhaps, 
to  fir.  But  the  mine-owner  has  to  pay  it  sooner  or  later,  and  not 
nntil  it  has  been  provided  for  can  real  profits  be  calculated. 

I  do  not  wish  to  be  understood  as  doubting  Mr.  Hoffman's  sac- 
cess,  or  wishing  in  any  way  to  detract  from  it.  It  does,  T  confess, 
sound  "  too  good,  to  be  true ;"  yet  I  have  every  inducement  to  be- 
lieve it  true,  and  I  do  so  believe.  But  the  pressing  question  for 
many  of  us  is,  must  we  simply  regard  him  with  sincere  and  hopeless 
envy,  or  can  we  safely  go  ahead  and  imitate  his  example?  So  far 
as  it  can  be  imitated,  it  certainly  promises  to  put  new  life  into  iron- 
mining  in  this  part  of  the  country,  giving  value  to  many  deposits 
heretofore  unprofitable,  and  permitting  the  continuance  'of  work  in 
many  localities  practically  worked  out  according  to  the  economy  of 
the  old  method. 

The  second  stand-point  is  that  of  the  consumer — more  particularly, 
just  now,  the  blast-furnace  manager.  It  seems  to  me,  we  have  hith- 
erto talked  too  vaguely  about  "  fine  "  ore.  There  are  very  important 
differences  in  the  grade  of  fineness.  For  instance,  there  are  concen- 
trates which  we  are  glad  to  get  for  blast-furnace  use,  and  which  give 
us  no  trouble.  So  far  as  my  observation  goes,  these  are  usually  from 
machines  that  leave  at  least  7  or  8  per  cent,  (often  more)  of  iron  in 
the  tailings,  and  in  most  cases,  I  think,  from  machines  operated 
with  water,  which  carries  off  and  wastes  the  finest  particles  of  ore. 
On  the  other  hand,  when  the  ore-producer,  in  order  to  reduce  this 
lo&s,  crushes  very  fine  and  concentrates  dry,  the  result  may  be  the- 
oretically a  gain  to  him,  but  it  is  not  liked  by  the  blast-furnace  man- 
ager. I  think  that  product  will  tend  to  other  markets,  like  the 
open-hearth  furnace,  or  direct  processes,  where  the  conditions  of  the 
blast-furnace  are  not  involved. 

I  will  not  go  into  details  as  to  our  experience  at  Durham  Iron- 
Works,  or  that  of  Mr.  Knapp,  at  Harrisburg,  or  what  we  hear  re- 
ported about  the  practice  at  Bethlehem.  The  general  tenor  of  it  is, 
that  even  when  moistened,  the  very  fine  concentrates  give  us  trouble, 
whilst  the  coarser  kinds  do  not.  A  private  letter  of  Mr.  Edgar  S. 
Cook  states  his  experience  with  them  at  the  Warwick  furnace,  * 
Pottstown,  Pa.     Mr.  Cook  says,  in  substance,  that  in  1889  he  used 
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from  600  to  800  tons  of  the  very  fine  concentrates  to  form  6^  per 
cent,  of  his  ore-mixture ;  that  after  the  first  week,  the  furnace  devel- 
oped irregularities,  which  diminished  or  disappeared  when  the  fine 
ore  was  taken  off,  and  returned  when  it  was  put  on  again  for  a 
week  or  more  ;  that  the  amount  of  iiue-dirt  was  increased.  On  the 
other  hand,  he  has  since  used  coarser  concentrates  (produced  by 
jigging,  or  by  magnetic  machines  using  water)  up  to  12^  percent,  of 
his  ore-mixture,  with  very  good  or  fairly  good  results;  but  he  would 
rather  have  crude  ore  than  crushed  ore,  other  things  being  equal.  I 
think  that  is  a  pretty  good  summary  of  the  general  experience  so 
far.  ''  Other  things  being  equal,'^  I  interpret  to  mean  an  equal 
price  per  unit  of  iron  at  the  furnace,  within  the  limit  of  say  65  per 
cent,  in  richness.  That  is  to  say,  I  think  the  average  manager  would 
rather  pay  for  a  55  per  cent.  **  run  of  mine  "  magnetite  $3.86  or  $4.40 
per  ton,  at  the  furnace,  than  $4.55  or  $5.20  (that  is,  7  or  8  cents  per 
unit  in  both  cases)  for  a  65  per  cent,  concentrate.  Of  course,  this  is 
a  rough  statement  only.  The  nature  of  the  gangue  affects  the  com- 
parison considerably. 

Another  element  of  controlling  importance  in  this  problem,  is 
that  of  railroad  freights.  A  mine  may  be  ever  so  much  favored  in 
natural  conditions,  and  yet  too  far  from  blast-furnaces  to  command 
their  custom  ;  and  it  is  the  fuel-supply  rather  than  the  ore-supply 
that  has  hitherto  determined  the  location  of  furnaces.  In  the  com- 
petition with  Southern  producers,  the  iron-masters  of  the  North  have 
not  been  nearly  as  well  supported  by  the  railroads  as  their  competitors. 
When  our  railroads  shall  have  realized  their  duty  and  interest  in 
this  respect,  the  problem  of  the  commercial  concentration  of  iron-ores 
will  have  been  completely  stated,  and  we  shall  have  the  means  of 
calculating  closely  what  can  and  what  cannot  be  profitably  done. 
For,  as  I  have  observed  already,  what  is  to  be  done  in  that  line 
profitably,  must  be  done  on  the  largest  practicable  scale;  and  hence, 
each  center  of  production  must  command  a  greater  area  of  market  than 
has  hitherto  been  the  case.  Not  merely  one  or  two  neighboring 
furnaces,  but  a  great  many  that  are  not  so  near,  must  be  reached. 

Axel  Sa  hlin.  New  York  City  (Communication  to  the  Secretary) : 
In  reply  to  the  question  asked  at  the  meeting,  whether  the  Cyclone 
pulverizer  can  be  advantageously  used  for  reducing  iron-ore  for  con* 
centration,  I  repeat  more  clearly  what  I  then  said,  namely,  that,  in 
my  opinion,  the  Cyclone  pulverizer  would  do  the  work  very  satis- 
factorily;  but  I  would  not  recommend  the  use  of  this  delicate  tool 
in  this  case,  nor  in  any  other  where  a  machine  of  lower  first  cost, 
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and  requiring  less  power,  would  crush  with  sufficient  uniformity', 
and  yield  a  larger  output.  The  Cyclone  pulverizer  has  a  field  of  its 
own,  on  products  where  great  fineness  and  absolute  uniformity  is 
required,  and  for  this  kind  of  work  it  has  no  competitor. 

The  importance  of  reducing  to.  a  minimum  the  wear  from  abrasion 
to  which  a  concentrating-plant  is  exposed,  has  been  pointed  out  by 
Mr.  Birkinbine  and  others.  This  difficulty,  greatest  in  dry  concen- 
trating, is  materially  lessened  when  the  ore  is  handled  wet,  the  water 
forming  a  valuable  lubricant.  Objections  have  been  raised  to  wet 
concentration;  the  principal  one  being  the  expense  incurred  in  dry- 
ing the  concentrates.  In  my  opinion,  this  objection  is  of  far  smaller 
weight  than  would  at  first  appear,  because,  during  the  mild  season, 
there  is  no  necessity  for  artificial  drying  of  concentrates  not  finer 
than  20-mesh ;  and  during  the  winter,  the  concentrates  could,  if 
desired,  be  stored,  just  as  well  as-  the  Lake  Superior  ores  are,  for 
shipment  in  the  spring.  Even  if  it  be  deemed  neces^ry  to  dry  the 
concentrates,  this  would  certainly  be  less  expensive  than  to  dry  arti- 
ficially the  entire  bulk  of  low-grade  ore,  as  I  understand,  is  found 
necessary  in  some  cases,  in  order  to  prepare  it  for  dry  concentration. 

I  beg  leave  to  place  before  the  Institute  a  few  facts  referring  to 
the  concentrating  plant  at  present  successfully  operated  at  the  Wei- 
don  mines,  near  Lake  Hopatcong,  New  Jersey. 

The  separator  used  at  this  place  is  a  wet  separator,  of  the  Lovett- 
Finney  type,  for  the  description  of  whidh  I  refer  those  interested  to 
articles  appearing  in  the  Iron  Age,  of  September  24,  1891,  and  in 
the  American  Manufacturer  and  Iron  World,  of  September  4, 1891, 
contributed  by  Mr.  Erastus  Wiman. 

The  Weldon  ore  is  magnetic,  non-Bessemer,  much  impregnated 
with  apatite,  biotite,  and  hornblende.  The  broken  ore  is  assorted 
at  the  mine;  the  purer  lumps,  stated  to  run  as  high  as  60  per  cent 
of  iron,  are  shipped  direct;  the  impure  masses,  said  to  average 
about  30  per  cent,  of  iron,  are  broken  in  a  jaw-crusher,  passed  through 
a  set  of  Krom  rollers,  then  through  a  S-mosh  screen,  and  thence 
direct  to  the  separator. 

It  seems  as  if  a  5-mesh  screen  would  be  entirely  too  coarse  for 
successful  separation  of  the  magnetite  from  the  apatite;  and  only 
the  very  favorable  conditions  and  the  open  structure  of  the  ore  make 
it  possible,  with  this  arrangement,  to  produce  a  concentrate  which 
is  stated  to  run  from  65  to  70  per  cent,  of  iron,  with  tailings  not 
above  8  per  cent. 

My  purpose  is  not  to  discuss  the  economical  aspect  of  the  work 
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pierformed,  which,  however,  is  said  to  be  very  satisfactory,  but  of  which 
it  is,  perhaps,  as  yet  somewhat  too  early  to  make  a  record.  I  would 
merely  call  attention  to  the  fact,  that  here  is  a  concentrating-plant 
which  has  been  in  continuous  operation  since  the  beginning  of  March, 
1891,  or  for  a  period  of  a  little  over  7  months,  during  which  time 
it  has  regularly  turned  out  from  20  to  25  tons  of  satisfactory  con- 
centrates per  shift  of  12  hours;  and  most  of  this  time  it  has  been 
running  double-turn. 

Up  to  date,  no  repairs  of  any  description  whatever  have  been 
required,  except  the  renewal  every  eight  or  nine  weeks  of  the  plain 
canvas  belt  which  carries  off  the  concentrates.  This  belt  costs 
only  five  dollars  to  replace.  The  breaking  and  subsequent  patching 
of  the  cross-head  of  the  crusher  can  hardly  be  charged  as  wear  on 
the  concentrating-plant,  as  it  was  caused  by  a  pure  accident.  Be- 
sides what  has  been  stated  above,  there  have  been  absolutely  no  re- 
newals of  any  kind,  and  the  chutes,  slopes,  tanks,  boxes,  etc.,  which 
are  made  of  light  sheet-iron  and  wood,  do  not  show  the  slightest 
wear. 

In  comparison  with  the  large  plants  at  Croton  and  elsewhere, 
which  have  been  described  during  this  discussion,  the  output  of  this 
small  installation  (regulated,  however,  not  so  much  by  the  capacity 
of  the  separator,  which  could  readily  be  doubled,  as  by  the  output 
of  the  mine)  is  insignificant;  but  it  may  be  large  enough  to  indicate 
one  way  of  overcoming  the  embarrassing  difiiculty  of  excessive  wear 
on  the  parts  of  concentrating-plants. 

Kenneth  Robertson,  Secaucus,  N.  J.  (Communication  to  the 
Secretary) :  I  was  not  at  the  Glen  Summit  meeting,  and  therefore 
am  unfortunately  obliged  to  make  my  contribution  to  the  discussion 
with  the  disadvantage  of  not  having  heard  what  the  different  gen- 
tlemen said,  and  guided  by  the  meager  reports  in  the  trade  journals, 
and  the  accounts  given  me  by  personal  friends.  As  concentrates 
were  used  in  a  blast-furnace  five  or  six  years  ago  by  Mr.  Moffat, 
and  the  fact  was  published,  I  had  supposed  that  any  discussion  of 
the  matter  would  be  ancient  history,  and  in  the  nature  of  "  threshing 
over  old  straw,"  and  am  surprised  at  the  quantity  of  grain  which 
has  been  gathered  therefrom  at  this  late  day.  Shortly  after  Mr. 
Moffat  began  using  concentrates,  and  before  he  published  the  fact, 
I  visited  Scranton,  and,  oh  going  through  the  stock-houses,  was 
shown  the  concentrates,  and  told  that  they  constituted  one-half  of 
the  ore-mixture,  and  that  they  worked  well,  I  was  astonished,  and 
could  not  understand  how  it  could  be,  for  I  was,  at  that  time,  strug- 
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gling  with  a  fine  ore,  and  my  efforts  to  use  one-half  of  it  had  con- 
stantly resulted  in  bad  work  and  possible  disaster. 

Leaving  the  stock-houses  and  going  to  the  tops  of  the  furnaces, 
I  found  them  equipped  with  double  bells.  I  immediately  thought 
that  I  saw^  in  the  better  distribution  of  the  stock  given  by  that  ar- 
rangement, the  cause  for  the  successful  working  of  so  much  fine 
material.  I  told  Mr.  Moffat  so,  and  continued  giving  that  r^ison 
for  five  years,  with  that  "calm  serenity  of  mind"  so  kindly  at- 
tributed to  blast-furnace  men  by  rolling-mill  superintendents  {vide 
Trans,  xii.,  266);  and  Mr.  Moffat  did  not  contradict  me.  As  he 
had  put  in  the  double  bells,  and  had  worked  the  concentrates,  the 
primal  success  was  his,  and,  from  whatever  cause  it  came,  he  was 
satisfied  with  the  situation. 

About  a  year  ago,  it  became  necessary  for  us  to  attempt  to  use 
one-half  Chateaugay  concentrates  at  the  Secaucus  furnace.  Up  to 
that  time  we  had  used  not  more  than  one-third  in  the  ore-mixture. 
With  infinite  respect  for  the  double-bell  theory,  and  the  knowledge 
that  ours  was  a  single  bell,  I  ordered  the  one-half  of  Chateaugay 
material  put  on  the  furnace,  and  with  great  trepidation  waited 
forty-eight  hours  for  the  results.  To  my  great  relief,  and  to  the 
destruction  of  the  double-bell  hypothesis,  the  furnace  worked  beau- 
tifully. The  pressure  was  not  increased,  nor  was  the  fuel  decreased 
(considering  the  increased  yield  of  the  mixture),  but  the  grade  of  the 
iron  was  improved.  Afler  the  mixture  had  been  working  for  two 
weeks,  and  making  iron  which  was  graded  as  Nos.  1  and  2,  we  sud- 
denly, and  without  any  apparent  cause,  made  two  casts  of  white  and 
mottled  iron.  The  burden  was  immediately  lowered,  and  the  tem- 
perature of  the  blast  increased,  but  before  the  reduced  burden  came 
down  the  furnace  resumed  its  normal  working  and  the  former  bur- 
den was  restored.  In  about  ten  days  thereafter  the  same  thing  oc- 
curred, but  without  any  change  of  burden  the  furnace  cured  itself, 
and  went  on  in  the  even  tenor  of  its  way.  After  this,  we  frequently 
used  as  much  as  ^^  of  concentrates  without  any  irregularity  in  the 
work  of  the  furnace,  and  I  am  disposed  to  attribute  the  two  slight 
irregularities  before  mentioned,  when  we  were  working  one-half 
concentrates,  to  the  fact  that  just  previous  to  our  using  that  quantity 
we  had  been  cleaning  and  repairing  boilers  for  a  month,  during 
which  time  it  was  impossible  to  give  the  furnace  the  quantity  of 
blast  which  the  hearth  demanded,  and  that,  in  consequence,  slight 
accumulations  had  formed  on  the  bosh,  which  came  away,  without 
any  disturbance  noticeable  on  top,  and  thus  lowered  the  grade  of  the 
iron  for  a  few  casts. 
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During  this  time  the  quantity  of  flue-dust  was  increased,  and,  as 
itoontained  53  per  cent,  of  iron,  it  was  saved  and  filled  back  into 
the  furnace  with  the  concentrates.  As  this  was  not  weighed,  I  can- 
not tell  what  quantity  we  caught  in  this  manner. 

As  I  have  said  before,  Secaucus  furnace  would  not  work  50  per 
cent,  of  fine  ore  without  great  irregularity  and  threatened  disaster. 
It  did  work  50  per  cent,  concentrates  with  perfect  ease  and  comfort. 
The  double-bell  theory  has  l>een  demolished  to  my  entire  satisfac- 
tion. The  only  explanation  I  can  give  is,  that  the  fine  ore  contained 
42  per  cent,  of  iron,  while  the  concentrates  contained  62  to  65  per 
cent,  of  iron,  from  which  one  would  deduce  that  the  concentrates 
worked  well  because  they  were  rich  in  iron,  while  the  fine  ore  gave 
trouble  because  it  was  l^an. 

If  some  one  will  evolve  a  theory  to  account  for  this,  it  will  add 
to  the  wheat  already  extracted  from  this  old  straw,  and  conduce  to 
the  happiness  and  longevity  of  those  furnace-men  whose  superior  ofiB- 
cers  insist  on  the  use  of  ore  both  lean  and  fine.  In  this  connection,  I 
would  like  to  ask  Mr.  Moffat,  who  has  worked  a  greater  variety  of 
concentrates  than  any  of  us,  to  give  us  the  percentages  of  iron  which 
the  different  ores  contained.  As  he  has  been  successful  in  working 
them  all,  however,  this  information  may  not  throw  much  light  on 
the  subject;  for  it  appears  to  be  ^'all  grist  that  comes  to  his  mill.'' 

Clemens  Jones,  Hokendauqua,  Pa.  (Communication  to  the  Secre- 
tary): Mr.  Birkinbine's  critique (^•an«ac<ion«,  xix.,  656) on  "Prog- 
ress in  Magnetic  Concentration  of  Iron-Ore"  (a  review  of  the  papers 
presented  at  the  New  York  meeting,  September,  1890),  directs  at- 
tention to  one  or  two  minor  points  in  the  paper  presented  by  me 
{Transacticyfia,  xix.,  289),  which  are,  perhaps,  capable  of  clearer  ex- 
planation. 

In  regard  to  the  yield  of  iron-ores,  there  is  a  recognized  differ- 
ence between  opinions  formed  by  personal  investigation  and  expe- 
rience, and  those  based  upon  mere  results  of  a  general  nature,  which 
in  all  cases  under  my  observation  are  invariably  higher  than  the 
actual  average  yield.  Obviously,  this  latter  can  be  determined  by 
systematic  examination  only.  In  other  words,  it  is  altogether  a 
question  of  sampling.  I  have  no  desire  to  begin  a  profitless  dis- 
cussion of  such  a  matter,  but  only  wish  to  qualify  my  own  state- 
ments. 

In  brown-hematite  ores,  the  size  of  the  pieces  of  ore  as  they 

naturally  occur,  aided  by  the  character  of  the  detritus  itself,  to  which 

there  is  no  mechanical  adherence,  largely  governs  the  richness  in 
VOL.  XX.— 38 
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metallic  iron.  .It  follows  that  an  average  of  37  per  cent  of  iron  is 
made  up  of  a  proportionate  mixture  of  large-sized  pieoes  and  fine 
particles.  Taking  for  illustration  the  figures  given  in  my  paper 
{Ihnnsactions,  xix.,  292),  we  would  have: 

Three- fourths  fine  or  wash -ore  @  •        .        .        .34  per  cent.  iron. 
One-fourth  large  pieces  @ 46  per  cent.  iron. 

Or  an  average  of 37  per  cent.  iron. 

Moreover,  I  have  determined  by  experiments  in  sizing  brown- 
hematite  ores  of  •  the  class  described,  that  this  is  their  average 
quality,  and  also  that  this  is  very  near  the  average  proportion  of 
fine  to  lump-ore.  As  a  matter  of  fact,  the  actual  average  yield  is 
obtained  in  a  d liferent  way,  too  long  to  be  submitted  here.  But 
the  distinction  of  lump-ore  and  fine,  or  wash-ore,  is  a  perfectly 
natural  one.  My  statement  is,  therefore,  that  of  the  100,000  tons 
of  ore  examined,  "three-quarters  of  this  was  wash-ore,"  and  (hat 
the  bulk  of  this  (i.e.,  the  fine  or  wash-orej,  representing  this  doss 
of  mines  in  the  United  States,  "  will  carry  about  34  per  cent,  of 
metallic  iron  in  the  wash  ore." 

As  no  "standard  "  of  the  exact  yield  of  jigged  ores,  either  general 
or  sectional,  was  mentioned  in  my  paper,  this  point  is  self-support- 
ing; the  figures  given  are  based  on  evidence  by  no  means  confined 
to  the  broad  State  of  Pennsylvania. 

With  regard  to  crushing  such  ore,  my  experience  has  been  that  it 
is  unnecessary;  and  accordingly  I  made  no  mention  of  crushing,  other 
than  to  refer  to  the  decrepitation  which  takes  place  during  the 
roasting-process.  This  is  a  striking  feature  of  the  process,  and  it 
stands  to  reason  that,  a  priori,  ores  in  lumps  of  such  size  as  to  re- 
quire crushing  will  admit  of  far  cheaper  and  quicker  separation. 
Other  than  this,  so  far  as  crushing  is  concerned,  ct^ystdUine  or  granular 
ores  only  are  adapted  to  separation  by  crushing  and  magnetism  with 
commercial  success.  Brown-hematite  ores  having  these,  properties 
have  not  yet  been  discovered  in  paying  quantities  in  the  United 
States. 

As  to  the  cost  of  roasting  ore,  I  cannot  avoid  thinking  that  Mr. 
Birkinbine  has  misundei*stood  the  statement  of  Mr.  C.  Linkenbach. 
Controversies  about  cost  should  be  confined  to  the  conditions  of  the 
case  in  point.  There  is  not  one  word  in  my  paper  touching  the  cost 
of  roasting  zinc-blende  ore.  The  fact  is  well  known  that  such  ore 
is  extremely  difficult  to  roast,  and  that  intense  heat  is  required,  and 
a  specially  constructed  furnace  must  be  employed  if  the  process  is 
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to  be  successfully  performed.  But  ray  paper  states  that  "  it  is  un- 
desirable to  use  much  heat,  since  at  a  temperature  of  cherry-red, 
magnetization  is  fully  imparted.  The  ore  is  drawn  as  fast  as  it 
reaches  this  temperature,"  etc.  An  intense  white-heat  is  usually 
aimed  at  in  roasting  zinc-blende  ores.  The  fuel-consumption  given 
by  Mr.  Linkenbach  is  therefore  not  an  example  of  the  economical 
roasting  of  iron-ore.  The  abstract  in  the  Journal  of  the  Iron  and 
Steel  InstitiUe*  of  Mr.  Linkenbach's  paper,  quoted  by  Mr.  Birkin- 
bine,  immediately  precedes  an  abstract  from  Mr.  I.  P.  Pardee^s 
paper  to  this  Institute  {TransadionSy  xv.,  678),  giving  the  cost  of 
roasting  ore  at  the  Musconetcong  works.  This  was,  including  cost 
of  labor,  fuel,  etc.,  14  cents  per  ton  of  roasted  ore. 

I  trust  to  be  able  before  long  to  give  the  cost  of  magnetizing  and 
separating  brown-hematite  ore,  as  calculated  for  practice  on  a  large 
scale. 

President  John  Birkinbine:  As  my  name  has  been  men- 
tioned in  the  papers  presented  and  in  discussion,  a  few  words  may 
be  in  place  here.  It  has  been  and  is  still  my  privilege  to  act  as 
engineer  for  Messrs.  Witherbee,  Sherman  &  Co.,  in  all  their  experi- 
ments in  magnetic  separations  at  Port  Henry,  N.  Y.,  and  I  can 
reply  to  the  query  of  Mr.  Piatt,  whether  the  **  Old  Bed  ore,"  high 
in  phosphorus,  had  been  made  into  ore  of  Be&semcr  grade.  When 
Mr.  Langdon  stated  that  up  to  the  present  this  result  had  not  been 
accomplished,  he  spoke  truly;  but  it  is  fair  to  mention  that  when 
the  experiments  were  carried  on  we  had  no  great  expectations  of 
success,  for  the  trials  were  made  with  a  mill  equipped  for  coarse 
grinding,  so  that  it  could  not  reduce  satisfactorily  to  16-mesh,  which 
was  the  finest  comminution  used  at  any  time.  The  crushing 
and  sizing  was  done  with  old,  supplemented  by  new  machinery,  and 
therefore  the  granulation  of  the  ore  was  unsatisfactory.  The  firm 
is  now  putting  up,  alongside  of  the  old  machinery,  improvements 
such  that  one-half  of  the  concentrating  plant  will  be  equipped  with 
crushers  and  rolls  and  the  other  half  with  Sturtevant  mills.  The 
expectation  is  to  work  under  similar  conditions  in  either  half,  so 
that  any  ore  selected  can  be  put  through  either  side  of  the  mill. 
In  this  way  we  hope  to  determine  conclusively  the  best  treatment 
for  any  ore  mined  by  the  firm ;  and  with  the  new  machinery  in 
place,  we  expect  to  grind  to  finer  mesh  than  heretofore,  and  solve 
the  problem  whether  or  not  Bessemer  concentrate  can  be  made  com- 

*  The  original  paper  is  in  Die  AufbereUung  dor  Ei-ne,  Berlin,  1887. 
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mercially  out  of  ores  carrying  from  oue-half  to  3  per  cent,  of  phos- 
phorus ;  for  we  anticipate  that  this  will  be  determined  in  part  by 
the  degree  to  which  the  material  is  crushed,  in  part  by  the  manner 
of  separating  the  apatite  particles  from  the  magnetite,  and  in  part 
by  the  efficiency  of  the  separator  used. 

In  the  letter  quoted  I  purposely  refrained  from  using  the  author's 
name  because,  as  then  explained,  he  was  out  of  the  country.  I  am 
glad  that  Dr.  Raymond  has  declared  his  authorship  and  reiter- 
ated his  opinion,  for  in  this  I  shall  follow  in  his  footsteps  and 
attempt  to  sustain  what  I  said  in  my  paper,  namely  :* 

"The  instance  cited  in  the  letter,  where  a  38  per  cent,  ore  could  be  carried 
to  the  furnace  and  smelted  more  cheaply  than  it  could  be  concentrated  and 
then  smelted,  points  either  to  close  admixture  of  gangne  and  magnetite,  imperfect 
method,  or  low  cost  for  fuel  and  transportation.  There  are  probably  few  cas^ 
where  such  a  lean  ore  can  be  smelted  to  better  effect  in  its  natural  condition  than 
by  first  enriching  it  by  coBcentration,.  unless  the  ore  possesses  in  itself  other  valu- 
able qualities  besides  the  iron.  Ore  yielding  less  than  38  per  cent,  of  iron  is  now 
concentrated  at  costs  which  leave  ample  margins  for  mining  the  crude  material,  if 
it  occurs  under  what  may  be  termed  average  conditions.'* 

I  am  familiar  with  the  depo&it  referred  to  by  Mr.  Hoffman,  viz., 
the  Croton  Magnetic  iron-mine,  having  lately  made  a  critical  ex- 
amination of  it  and  reported  upon  it  in  connection  with  our  fellow- 
member,  Mr.  W.  B.  Kunhardt. 

It  is  a  deposit  of  magnitude,  the  ore  being  magnetite  of  low  grade. 
A  thorough  sampling,  carried  out  in  connection  with  the  examina- 
tion, demonstrated  that  if  the  entire  ore-body  were  removed,  about 
one-third  would  be  thrown  aside  as  unsuitable  for  concentration;  of 
the  other  two-thirds^  about  &  per  cent,  may  be  rich  enough  to  be 
shipped  as  it  is  mined,  but  the  balance  would  all  have  to  be  concen- 
trated to  make  it  merchantable*  The  sampling  included  380  holes 
specially  drilled  and  blown,  in  addition  to  nearly  10,000  chipped 
pieces;  these,  after  reduction  in  volume  in  the  mine,  aggregated  a 
total  of  about  10,000  pounds,  which  was  crushed  and  quartered,  and 
made  up  into  nearly  400  samples  for  the  laboratory.  Such  sampling 
gave  an  opportunity  to  judge  closely  of  the  occurrence  of  different 
percentages  of  iron  in  the  ore  bodies. 

The  exploited  portions  of  this  deposit  indicate  that  there  remains 
within  200  feet  of  the  Theall  tunnel  level  four  and  one-half  million 
tons  of  ore  averaging  37  J  per  cent,  of  iron,  and  if  the  workings  are 
carried  below  200  feet,  or  extended  to  portions  of  the  property  where 

*  Trans.,  xix.,  669. 
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magnetic  surveys  indicated  a  continuation  of  the  deposit,  the  avail- 
able amount  of  ore  may  be  further  increased.  An  ore-body  having 
an  average  width  of  90  feet  and  extending  in  length  over  2100  feet, 
inclosed  by  walls  which  are  nearly  vertical,  ofiFers  excellent  oppor- 
tunity for  obtaining  ore  cheaply.  There  are  no  doubt  other  deposits 
which,  owing  to  their  leanness,  have  never  been  thoroughly  exploited, 
but  which  would  compare  favorably  with  that  of  the  Croton  Mag- 
netic iron-mine,  and  some  of  these  unwrought  magnetic-iron  deposits 
of  lean  character  may  possibly  be  located  as  favorably  as  the  Croton 
mines,  which  can  reach  a  number  of  existing  blast-furnaces  at  freight- 
rates  of  from  $1.50  to  $2,00  per  ton. 

Taking  the  outlay  for  labor,  supplies,  etc,  from  the  pay  roll  of  the 
concentrating- mill  now  in  operation,  it  was  found  that  a  ton  of  crude 
ore  delivered  at  the  mill  oonld  be  crushed,  sized  and  separated  for 
fifty-three  cents,  and  a  table  was  then  constructed,  based  upon  the 
formula  given  in  the  paper  which  I  presented  at  the  New  York 
meeting  of  the  Institute.*  This  table  (page  598)  shows  the  theo- 
retical quantity  of  ore  of  any  percentage  of  iron  between  20  and  55 
which  is  necessary  to  produce  one  ton  of  '65  per  cent,  concentrate, 
with  a  loss  of  10  per  cent,  in  the  tailings;;  allowance  was  also  made 
for  5  per  cent,  lost  in  dust,  moisture  and  snlpiir. 

The  table,  together  with  the  cost  of  delivering  ore  at  the  separator- 
building  and  the  cost  of  treating  one  ton  of  such  ore,  was  used  to 
determine  the  grade  of  material  which  could  be  rained  at  the  Croton 
deposit,  concentrated  and  loaded  on  cars  without  loss.  (The  esti- 
mate included  no  allowance^ibr  interest,  royalty,  selling-costs,  etc.) 
This  limit  was  found  in  the  case  under  consideration,  to  be  below 
30  per  cent.  The  minimum  percentage  of  iron-ore  which  could 
be  concentrated  without  a  debit  charge  against  the  enterprise  will 
of  course  vary  as  to  location,  peculiar  features  of  the  ore  and 
method  of  concentration  pursued.  There  is  no  general  rule  to  be 
laid  down  to  cover  all  localities,  but  the  plant  in  practical  opera- 
tion, which  although  new  can  be  improved  upon,  offers  a  basis  for 
estimating  the  expense  of  treating  a  ton  of  material  elsewhere  which 
need  not  be  greater  than  that  named,  except  in  so  far  as  fuel  per  ton 

*  Trans. f  xix.,  656.  The  formula  referred  to  ifl  as  follows :  The  percentage  of 
iron  in  concentrates  (a)  minus  the  percentage  of  iron  in  the  tailings  (b),  divided 
by  the  percentage  of  iron  in  the  crude  ore  (c)  minus  the  percentagd  of  iron  in  the 
tailings,  is  the  number  of  tons  of  crude  ore  (n)  required  to  produce  one  ton  of  con- 
centrates ;  or  lH-  ==  n.— R.  W.  R. 
c  —  » 
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Table  Showing  the  Theoretical  Tonnage-Baiio  of  Crude  Ore  to 

Concentrate. 


Iron  in 
Crude  Ore. 

Crude  Orx  required  to  produce  One  Ton  of  65  per  cent.  Concentrates, 
and  allowing  10  per  cent,  loes  in  the  tailings. 

Without  allowance  for  dust,  mois- 
ture and  sulphur. 

With  allowance  of  5  per  cent,  for  > 
dust,  moisture  andf  sulphur. 

Per  Cent. 

Tons. 

Tons. 

20 

5.500 

5.775 

21 

5.000 

5.250 

22 

4.583 

4.812 

23 

4.231 

4.443 

24 

3.929 

4  425 

25 

3667 

3.850 

26 

3.438 

3.610 

27 

3.235 

3.397 

28 

3.056 

8.209 

29 

2.895 

3.040 

30 

2.750 

2  888 

31 

2.619 

2.750 

32 

2.500 

2.625 

33 

2.391 

2.511 

34 

2.292 

2.407 

35 

2.200 

2.310 

36 

2.115 

2.221 

37 

2.037 

2.139 

38 

1.964 

2.062 

39 

1.897 

1.992 

40 

1.833 

1.925 

41 

1.774 

1.863 

42 

1.719 

1.805 

43 

1.667 

1.750 

44 

1.618 

1.669 

45 

1.571 

1.650 

46 

1.528                   ♦ 

1.604 

47 

1.486 

1.560 

43 

1.447 

1.519 

49 

1.410 

1.481 

50 

1.375 

1.444 

51 

1.341 

1.408 

52 

1.310 

1.376 

63 

1.279 

1.342 

54 

1.250 

1.313 

55 

1.222 

1.283 

or  labor  per  day  would  affect  it.  With  a  knowledge  of  what  it 
would  cost  to  remove  one  ton  of  material  fit  for  the  separator  from 
the  workings,  it  is  not  a  difficult  matter  to  estimate  closely  the  mini- 
mum contents  of  an  ore  which  it  would  pay  to  concentrate  by  mag- 
netic separation  at  any  locality. 

The  limit  will  be  affected  by  the  degree  of  fineness  to  which  the 
ore  must  be  crushed,  but  in  the  light  of  present  knowledge  and 
practice  and  with  improved  mining  and  concentrating  appliances,  it 
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does  not  seem  over  sanguine  to  expect  that  with  average  conditions 
of  cheap  mining,  low  cost  of  fuel  and  labor  and  accessibility  to  a 
market  for  concentrates,  magnetic  iron-ore  carrying  35  per  cent,  of 
iron  can  be  successfully  mined  for  concentration  and  treated,  unless 
the  royalty  is  excessive,  or  the  chemical  composition  such  as  to  inter- 
fere seriously  with  the  sale  of  the  product. 

The  loss  in  tailings  is  largely  due  to  the  mechanical  imperfection 
of  the  separators  which  have  not  yet  been  overcome.  We  are  much 
further  advanced  in  this  than  a  year  ago,  and  I  have  faith  that  we 
will  approach  nearer  perfection.  Whether  we  can  reach  a  practice 
which  will  enable  us  to  pick  up  one  mineral  of  pure  magnetite, 
leaving  another  of  slightly  less  magnetic  character,  is  a  question 
which  can  be  decided  only  by  time. 

A  series  of  experiments,  made  in  connection  with  the  operation 
of  Messrs.  Witherbee,  Sherman  &  Co.'s  concentrating-plant  at  Port 
Henry,  N.  Y.,  suggested  to  Mr.  T.  Reed  Wood  bridge  the  theoretical 
investigation  of  the  relative  ei&ciencies  of  various  machines;  and 
by  applying  to  different  magnetic  separators  the  formula  already 
given,  and  verifying  the  results  obtained  from  actual  data,  it  has 
been  found  that  the  efficiency  of  magnetic  separators  in  actual  use 
reaches  from  65  to  85  per  cent,  of  theoretical  perfection.  While 
this  is  not  a  complete  and  accurate  measurement,  it  has  sufficient 
weight  to  indicate  that  there  is  considerable  ground  yet  to  be  covered 
in  perfecting  magnetic  separators.  Most  of  the  earlier  machines 
were  constructed  largely  as  models  and  without  proper  ideas  of  the 
wear  to  which  they  would  be  subjected  in  actual  use.  Any  one 
familiar  with  practical  separation  knows  how  readily  and  quickly  the 
gangue  cuts  anything  in  the  shape  of  metal.  I  have  seen  chilled 
spouts,  carrying  the  ore  from  the  bins  to  the  machine  or  vice  veraa^ 
cut  into  regular  grooves  to  the  depths  of  three-quarters  of  an  inch 
in  two  or  three  weeks. 


TEE  USE  OF  MAGNETIC  CONCENTRATES  IN  THE  PORT 

HENRY  BLASTFURNACES. 

'  Br  N.   M.   LANODON,  PORT  HENRY,   N.  Y. 

(Glen  Summit  Meeting,  Octoberi  1891.) 

It  is  now  about  two  years  since  we  began  using  concentrates  from 
Port  Henry  magnetic-ores  in  the  blast-furnaces  of  Witherbee,  Sher- 
man &  Co.  During  this  time  we  have  had  the  usual  ups  and  downs 
incident  to  blast-furnace  practice,  and  have  used  the  concentrates  in 
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various  proportions  with  our  New  Bed  (Bessemer),  Old  Bed  (high- 
phosphorus),  and  Mill  ores,  making  both  Bessemer  and  mill-iron. 

In  the  early  part  of  1889,  owing  to  frequent  changes  in  the  ex- 
perimental concentrating-plant,  the  supply  was  not  regular,  causing 
intermissions  in  which  no  concentrates  were  charged.  The  tabular 
statement  given  below  shows  the  days  run,  the  proportions  and  kinds 
of  concentrated  and  other  ores  used,  etc.  It  may  be  as  well  to  say 
that  all  our  ores  are  magnetic. 

The  New  Bed  pure  is  mostly  granular  or  shotty ;  the  run  of  mine 
is  usually  a  lump  ore  containing  more  or  less  of  fine.  Old  Bed  is 
about  half  lump  and  half  fine,  and  of  the  Mill  ore  f  or  f  is  as  fine 
as  buckshot,  the  rest  being  lump.  All  lumps  are  hand-broken  to 
about  8  inches. 

We  began  using  New  Bed  concentrate  in  our  No.  2  furnace,  run- 
ning on  mill-iron,  commencing  with  ^,  which  was  continued  for 
nine  days  without  showing  any  bad  effects,  when  it  was  increased  to 
-^,  and  this  proportion  was  continued  with  two  short  intermissions 
for  fifty-six  days.  The  mixture  was  then  changed  to  Bessemer,  and 
the  proportion  of  concentrate  was  -^  for  twenty-nine  days,  when  it 
was  increased  to  -^  for  fifteen  days,  then  reduced  to  -^  for  eighty 
days.  During  this  time  we  had  also  used  -^  concentrate  in  our 
Ce<lar  Point  furnaoe,  running  on  Bessemer  iron,  for  fifty-six  days. 

Up  to  this  time  we  had  not  used  a  larger  proportion  of  the  con- 
centrate than  ^,  but  had  used  it  with  various  proportions  of  our 
other  ores  in  making  both  Bessemer  and  mill-iron  without  any  more 
troublesome  experience  than  usual  in  the  working  of  the  furnaces, 
and  also  without  any  advantage,  so  far  as  could  be  observed,  except 
that  due  to  increased  yield  from  the  richer  concentrate  replacing 
"run  of  mine"  and  mill-ores.  There  was  no  decrease  in  fuel-con- 
sumption that  could  be  attributed  to  the  use  of  concentrate  except 
what  was  due  to  the  increased  yield  of  the  mixture.  Pressure  and 
general  working  of  the  furnaces  were  about  as  usual.  Our  fuel  is  | 
Delaware  and  Hudson  lump-coal  and  ^  Beynoldsville  or  similar 
coke. 

In  March  last  the  new  concentrating  plant  at  the  mines  having 
been  completed,  it  was  decided  to  concentrate  Old  Bed  ore,  running 
about  63  per  cent,  iron  and  1.25  per  cent,  phosphorus,  and  at  the 
same  time  to  try  the  experiment  of  increasing  the  proportion  of  con- 
centrate in  No.  2  furnace,  then  running  on  mill-iron,  with  the  view 
of  determining  the  maximum  amount  that  could  be  used,  and  to 
note  the  effect  of  its  substitution  for  other  ores. 
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We  commenced  with  ^  concentrate  and  ran  for  nine  days  with- 
out noticing  any  effect  either  way,  then  increased  to  \  for  twelve 
days.  During  the  twelve  days'  run,  the  concentrate  was  of  16-mesh 
size,  and  carried  67  per  cent,  of  iron.  All  the  previous  concentrate 
had  been  of  10-mesh  and  60  per  cent,  to  63  per  cent.  iron.  When 
the  -^  came  through,  a  change  was  noticed  at  once,  the  furnace  began 
to  get  hotter  and  the  burden  was  increased.  Af^er  the  twelve  days' 
run,  the  concentrate  was  made  10-mesh  in  size,  and  increased  to  -^ 
for  eight  days  and  then  ^  for  fourteen  days,  when  all  concentrate 
was  taken  off.  . 

With  each  increase  of  concentrate  the  furnace  got  hotter,  necessi- 
tating increase  of  burden.  It  worked  very  smoothly  and  regularly, 
but  with  1  to  1^  pounds  higher  pressure  with  the  larger  amount  of 
concentrate.  During  the  latter  part  of  the  run,  and  from  .the  time 
the  charge  of  -^  concentrate  began  to  work,  the  average  fuel  per  ton 
of  iron  was  18  per  cent.  lower  than  it  had  been  for  several  weeks 
preceding  or  was  immediately  after..  Of  this  reduction  in  fuel, 
about  5|  per  cent,  was  due  to  the  increased  yield  of  iron  in  the  mix- 
ture. 

It  is  but  fair  to  say,  however,  that  the  iron  made  was  less  open 
(about  one  grade  lower)  than  before  the  experiment^  Just  at  this 
time  we  received  an  order  for  a  low-silicon  iron  for  immediate  ship- 
ment; and  as  the  tendency  of  this  mixture,  when  making  an  open 
iron,  was  towards  high  silicon,  the  burden  was  kept  rather  heavier 
than  it  otherwise  would  have  been,  which,  of  course,  made  the  grade 
lowelr  and  the  reduction  in  fuel  somewhat  more  marked. 

After  running  a  short  time  on  mill-iron  without  concentrate,  the 
furnace  was  changed  to  Bessemer,  using  New  Bed  concentrate,  10- 
mesh,  67  per  cent,  iron,  as  follows :  ^,  ten  days ;  y<\j-,  four  days ;  -^^ 
fourteen  days;  and  i*^,  eleven  days;  total,  thirty-nine  days.  During 
this  time  the  furnace  worked  smoothly  and  regularly,  with  about  the 
same  increase  of  pressure  and  reduction  of  fuel  as  when  using  the 
Old  Bed  concentrate. 

In  conclusion,  our  experience  seems  to  have  demonstrated  that, 
with  proper  management,  there  is  no  difficulty  in  using  in  the  blast- 
furnace at  least  80  per  cent,  of  high-gmde  concentrate,  and  that  there 
is  also,  especially  in  the  use  of  a  large  percentage  of  concentrate,  an 
economy  of  fuel  beyond  that  which  may  be  due  to  an  increase  of  iron 
in  the  mixture.  This  increased  economy  may  be  attributed  to  the 
comminution  of  the  ore. 
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Table  of  Mixtures, 


Dayamn. 

• 

New  Bkd. 

Old  Bed. 

Hill. 

Iron  madeu 

Concen- 
trate. 

Run  of 
Mine. 

Pare. 

Concen- 
trate. 

Run  of 

Mine. 

Ore. 

9 

5 
51 
29 
15 

7 
73 

9     . 
12 

8 
14 
10 

4 
14 
11 

A 
A 
A 

A 
A 
A 

A 

A 
A 
A 

• 

A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 

•  •  ■  •  ••• 

• 

A 
A 

• 

4 

A 
A 
A 
A 

A 
A 
A 

A 
A 
A 
A 

A 

A    • 
A 

• 
■ 

A 
A 

■ 
• 

Mill. 
BesBemer. 

Mill. 
Bessenier. 

PBACTICAL  RE8ULT8  IN  THE  MAGNETIC  CONCENTRA- 
TION OF  IRON-OBE, 


BY  W.   H.  HOFFMAN,  M.E.,  CBOTON  MAGNETIC  IRON-MINES,  N.  Y. 

(Glen  Summit  Meeting,  October,  1891.) 

The  writer  does  not  claim  a  right  to  discuss  this  subject  as  a  far- 
Dace-man  or  user  of  iron-ore  in  this  new  form.  His  efiTorts  have 
been  confined  to  mining,  preparing,  and  separating  the  magnetic  ore 
from  the  gangue.  Two  years'  experience  in  experimenting  and  an- 
other two  years  in  producing  concentrates  on  a  commercial  scale, 
have  led  me  to  believe  that  the  new  trade  of  making  concentrates 
must  be  well  learned  in  all  of  its  details.  If  there  have  been  any 
partial  failures  in  this  most  useful  branch  of  the  iron  business,  the 
failures  have  been  caused  chiefly  by  inexperience  or  lack  of  patience. 
Although  I  have,  within  the  past  five  years,  constructed  machinery 
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for  water-jigging  and  wet  magnetic  separation^  I  shall  only  speak  of 
the  dry  magnetic  process  here. 

Three  years  ago  I  was  engaged  by  Mr.  J.  D.  Cheever,  the  lessee 
of  the  Croton  Magnetic  Iron-mines^  at  Brewster,  N.  Y.,  to  adapt  an 
old  water-jigging  mill  to  the  magnetic  process.  The  ore  to  be  treated 
is  described  by  Messrs.  John  Birkinbine  and  W.  B.  Kunhardt  in  a 
late  report  on  the  Croton  Magnetic  Iron-mines,  as  consisting  of  com- 
pact, moderately  fine-grained  magnetite  in  agangue  composed  mainly 
of  quartz  and  hornblende,  besides  feldspar,  apatite,  and  mica,  and 
more  or  less  pyrite  and  pyrrhotite,  and  they  say  ^'  it  is  highly  satis- 
factory that  the  grain  of  the  ore  permits  a  fair  disintegration  of  its 
constituents  by  crushing  it  to  pass  a  12-mesh  screen,  inasmuch  as  a 
finer  mineralization  would  increase  the  cost  of  concentration,  as  here- 
after described." 

Similar  descriptions  have  been  given  by  Mr.  Emerson  McMillan, 
Mr.  F.  W.  Gordon,  and  Prof.  N.  S.  Shaler. 

By  these  gentlemen  the  average  amount  of  metallic  iron  in  the 
ore-beds  is  stated  to  range  from  37  to  42  per  cent.,  the  average  sul- 
phur from  1.7  to  2.2,  and  the  phosphorus  from  0.070  to  0.426. 
Practical  work  has  shown  the  average  amount  of  phosphorus  to  be 
0.232.  Since  May  1, 1891,  we  have  been  roasting  and  concentrating 
this  material  to  68  per  cent,  in  metallic  iron,  0.44  in  sulphur,  and 
0.036  in  phosphorus.  Previous  to  this  the  concentrates  ran  about 
66  per  cent,  in  iron. 

Up  to  the  1st  of  September,  1891,  opening  by  drifting  and  pros- 
pecting with  the  diamond  drill  has  exposed  at  least  8,000,000  tons 
of  ore,  while  it  can  be  seen  by  a  fair  examination  of  the  property 
that  there  is  not  less  than  three  times  this  amount  of  ore  in  these 
mines,  and  this  estimate  does  not  include  the  mining-rights  owned 
personally  by  Mr.  J.  D.  Cheever. 

Prof.  Shaler  says : 

**  The  considerations  previousl j  given  concerning  the  horizontal  extension  of  this 
deposit  beyond  the  limits  of  the  present  workings  lead  me  to  feel  that  it  is  reason- 
ablj  safe  to  call  the  length  of  this  bed  4000  feet,  the  depth  within  workable  limits 
1500  feet,  and  the  width  75  feet.  These  estimates  can  be  more  fairly  made  than  in 
the  case  of  an  ordinary  vein,  and,  though  not  positiyely  certain,  have  all  the  proba- 
bility they  would  have  if  the  deposit  were  a  bed  of  coal.  On  this  basis  we  have  a 
total  of  about  50,000,000  tons  of  ore  in  the  deposit.  Of  this  mass  something  like 
three-fourths  may  be  regarded  as  minable,  the  remainder  being  the  leaner  ores  that 
cannot  be  profitably  extracted  at  great  depths,  or  ore  which  must  be  left  in  place  to 
sustain  the  walls  and  roofs  of  the  mines.'' 

Mr.  F.  W.  Gordon  says : 
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**  Very  extensive  workings  and  explorations  show  the  deposit  of  ore  to  be  one  of 
the  greatest  in  magnitude  that  has  ever  been  developed  in  America.  The  explora- 
tions and  developments  have  been  intelligently  made,  and  warrant  an  estimate  of 
the  quantity  of  ore  in  easy  reach  to  be  not  less  than  30,000,000  tons.  As  the  name 
of  the  mine  implies,  the  ore  is  maiirnetic  or  FesO^  in  composition  and  dense  in  struct- 
ure. Entries  15  to  20  feet  wide  driven  into  the  ore  require  no  timbering  to  support 
the  roof.  The  average  of  eleven  analyses  taken  from  the  workings  between  June 
6th  and  August  13,  1890,  gives  the  following  composition : 

Percent. 

"Metallic  iron, *        .        .        .    40.64 

Phosphorus, 302 

Sulphur, 1.640" 

Before  the  old  water-jigging  mill  was  erected,  some  eight  years 
ago,  the  product  of  these  mines  was  sorted  to  remove  the  more  sul- 
phury ore,  and  was  shipped  directly  to  furnaces  making  foundry- 
irons.  In  order  to  meet  the  requirements  of  purchasers,  the  mining 
company  was  obliged  to  reject,  in  cobbing,  2^  tons-to  get  1  ton  of 
shipping-ore  containing  51  per  cent,  of  metallic  iron  and  not  more 
than  1  per  pent,  in  sulphur.  About  50,000  tons  of  this  class  of  ore 
was  shipped  from  these  mines.  The  old  dumps  from  this  sorting 
are  now  being  crushed  and  separated  by  the  new  process. 

Mr.  John  Birkinbine,  in  his  paper  on  "  Progress  in  Magnetic 
Concentration  of  Iron-Ore*'  (TVarw,  xix.,  666),  quotes  from  the 
private  letter  of  a  member  of  the  Institute  an  expression  of  emphatic 
doubt  whether,  at  any  American  mine,  it  would  pay  to  mine  and 
concentrate  a  lean  magnetite.  The  writer  says :  '^  So  far  as  I  can  see, 
at  this  stage  of  our  practice,  waste-dumps  only,  or  the  rejected  por- 
tion of  an  output,  other  portions  of  which  have  been  shipped  at  a 
profit  covering  the  whole  cost  of  mining,  can  be  used  successfully  as 
the  raw  material  of  concentration." 

Without  repeating  here  the  argument  of  this  correspondent,  or 
criticizing  his  knowledge  of  the  situation,  and  without  asserting  that 
magnetic  concentration  was  a  comrftercial  success  three  years  ago,  I 
can  assert  and  prove  beyond  question  that  the  Croton  Mines  have 
produced  and  sold  at  a  fair  profit  from  50  to  220  tons  of  concentrates 
per  day  during  the  past  year  and  a  half;  and  the  mill  has  been  actu- 
ally running  but  twenty  months. 

Commercial  success  in  concentrating  any  ore  includes  economical 
mining,  preparation  and  separation  ;  but  in  the  Croton  ore  the  pres- 
ence of  sulphur  calls  for  very  economical  roasting  as  well  as  economy 
in  all  the  other  processes.  The  cheap  roasting  of  the  ore  of  the 
Croton  mine,  which  contains  about  2  per  cent,  of  sulphur,  was 
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really  one  of  the  first  problems  encountered  in  reclaiming  that  prop- 
erty, and  was  really  as  important  a  factor  as  the  concentration. 

A  series  of  experiments  was  made  to  determine  the  best  size  for 
economical  roasting,  and  at  the  end  of  three  months  a  size  that  would 
pass  through  a  2{-inch  ring  was  adopted,  as  giving  the  mpst  rapid 
work  for  the  quantity  of  fuel  consumed.  Crude  Lima  oil  is  used 
for  roasting.  Through  experiments  conducted  by  our  general  fore- 
man, Mr.  T.  Blass,  we  found  the  average  consumption  of  fuel-oil  to 
be  8.75  gallons ;  but  by  enlarging  the  combustion-chambers  we  have 
reduced  this  amount  to  a  little  over  3.6  gallons  per  ton  of  raw  ore. 
The  cost  of  the  oi^l  is  2^  cents  per  gallon,  making  a  fuel-cost  of  8| 
cents  per  ton  of  raw  ore.  The  labor  of  filling  and  discharging 
amounts  to  only  3  cents  per  ton,  as  this  work  is  largely  automatic. 
The  average  temperature  is  1260°  Fah.  Davis-Colby  roasters,  re- 
modeled to  burn  fuel-oil,  are  used  for  a  portion  of  this  work,  the 
remaining  portion  being  done  in  a  roaster  of  new  type  designed  by 
the  writer.  The  Davis-Colby  roasters  have  been  in  operation  nearly 
'  three  years,  and  have  done  excellent  service. 

The  ore  is  conveyed  automatically  from  the  roasters  to  the  Sturte- 
vant  mills,  where  it  is  ground  to  12-mesh  size,  all  coarser  material 
from  the  screens  being  returned  to  these  mills  by  elevators.  Barring 
the  numerous  experiments  with  various  types  of  magnetic  separators, 
the  experiments  in  crushing  have  been  the  roost  elaborate.  Nearly 
all  the  best-known  methods  of  grinding  ores  have  been  tried  at  the 
Croton  mines  during  the  past  thrae  years.  Some  of  these  machines 
have  been  tested  for  a  year  or  more,  but  about  fifteen  months  ago 
we  l)ecame .  thoroughly  satisfied  that  the  Sturtevant  mill  was  far 
superior  to  any  other  machine  for  grinding  iron-ores.  I  consider  it 
necessary  to  mention  this  machine  thus  somewhat  prominently,  as 
its  economical  and  uniform  granulation  plays  an  imix)rtant  part  in 
answering  the  question  in  Mr.  Birkinbine's  paper:  ^'Does  magnetic 
concentration  pay?"  If  the  ore  is  not  properly  granulated  and 
screened,  no  known  method  of  separation  or  concentration  can  make 
it  a  commercial  success. 

The  screen-block  openings  in  the  Sturtevant  mills  are  ^  inch  wide, 
and  the  coarsest  material  passing  through  them  is  less  than  ^  of  an 
inch  thick,  while  the  finest  material  would  be  rejected  by  a  60- mesh 
screen. 

The  ore  enters  the  Sturtevant  mills  at  a  temperature  of  about 
360°,  being  cooled  from  about  1200°  by  a  water-bath  on  its  way  up 
the  conveyer.     Under  these  conditions  the  ore  is  quite  friable,  and 
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we  have  no  difficulty  in  grinding  22  tons  per  hour  with  the  20-inch 
mill,  and  16  tons  in  the  same  time  with  the  15-inch  mill.  One  set 
of  Sturtevant-mill  bushings  will  grind  from  4000  to  6000  tons  of 
ore,  according  to  the  depth  of  the  chill  in  the  bushing,  the  cost  of 
each  set  being  $16.00.  The  screen-blocks  for  this  amount  of  ore 
cost  $9.00.  This  is  less  than  one-half  the  cost  of  renewal  on  any 
other  machine  formerly  used  at  our  mill.  At  22  tons  per  hour  the 
20-inch  mill  requires  94  horse-power  to  drive  it,  but  it  will  be  re- 
membered that  the  product  is  finished  on  these  mills.  The  15-iDch 
mill  requires  70  horse-power. 

The  ground  ore  is  elevated  from  the  discharging-nozzle?  of  the 
Sturtevant  mills  to  the  several  screens,  covered  with  slotted  steel 
plates  made  by  the  Harrington  &  King  Perforating  Co.  The  slots 
are  i^  by  ^  inch  in  some  plates,  and  ^  by  f  in  others. 

The  slotted  plates  are  easily  removed,  and  when  the  requirements 
are  exacting  as  to  phosphorus,  we  substitute  plates  of  -^  mesh  on 
two  of  our  five  screens.  We  have  demonstrated  by  exhaustive  ex- 
periments that  two  sizes  of  screen-plates,  three  sets  coarse  and  two  ' 
sets  fine,  will  prepare  the  ore  containing  0.426  in  phosphorus  (the 
greatest  amount  we  have  in  the  mine)  for  a  separation  having  0.036 
with  two  passes  on  the  magnetic  separators.  Ordinarily,  the  phos- 
phorus in  the  Croton  ore  runs  from  -^  to  ^f^.  When  the  phospho- 
rus runs  higher  than  ^  three  sizes  of  screen-plates  should  be  used, 
delivering  to  three  receiving  bins,  and  each  size  should  be  treated 
separately  on  the  magnetic  separators ;  and  I  am  positive  that  this 
treatment  will  insure  a  Bessemer  product  running  not  over  0.050  in 
phosphorus,  using  nearly  any  of  the  New  York  State  magnetites 
that  art  free  from  titanium. 

In  some  experiments  we  have  used  18-mesh  screens,  and  with  ore 
prepared  for  this  grade  we  were  enabled  to  produce  continuously, 
with  two  passes,  concentrates  showing  70.60  metallic  iron,  0.018 
phosphorus  and  0.220  sulphur.  Of  course  the  silica  was  extremely 
low.  With  the  latest  Hoffman  separator,  using  12-mesh  screen,  and 
making  two  passes,  we  have  produced  concentrates  showing  70.93 
metallic  iron,  0.017  phosphorus  and  0.231  sulphur;  and  by  using 
18-mesh  screens  we  can  depend  on  71  per  cent,  concentrates  with 
one  pass  on  this  machine. 

Examinations  for  the  purpose  of  detecting  screen-,  shute-  and 
bin-leaks  must  be  made  at  least  twice  a  week. 

The  screens  deliver  their  finished  product  to  two  bins  placed  on 
the  floor  above  the  separating  department,  each  having  a  capacity  of 
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80  tons.  Eight  shutes  deliver  the  ore  to  the  separators,  nine  in  num- 
ber. The  separators  were  designed  and  constructed  by  W.  D.  Hoff- 
man and  T.  Blass,  at  our  mines.  On  eight  of  the  machines  the  ore 
is  passed  before  the  magnets  twice  to  bring  the  loss  in  tailings  to  8 
per  cent.  Our  Superintendent,  Mr.  W.  D.  Hoffman,  lately  designed 
two  new  separators,  one  of  which  is  giving  with  one  pass  concen- 
trates of  68  to  70  per  cent.,  with  a  loss  of  only  6J  per  cent,  of  iron 
in  the  tailings.  As  patents  are  now  pending,  these  machines  cannot 
be  described  here.  People  frequently  ask  how  much  it  costs  to 
separate  the  iron-ore  from  the  gangue.  We  always  reply,  as  little  as 
any  other  portion  of  the  process.  Seven  cents  per  gross  ton  of  con- 
centrates is  a  liberal  allowance,  and  this  includes  all  repairs  to  sepa- 
rators. We  shall  reduce  this  to  less  than  six  cents  soon.  Repairs 
and  supplies  throughout  our  milling-plant  amount  to  one  and  eight- 
tenths  cent  per  ton  of  raw  ore  ground.  Hence,  it  will  be  readily 
seen  that  the  feature  of  the  problem  of  magnetic  separation  is  the 
initial  mill-grinding  or  granulating.  The  very  cheapest  process  is 
absolutely  necessary,  as  most  of  the  ores  to  be  reclaimed  will  analyze 
less  than  40  per  cent,  metallic  iron,  and  that  means  from  two  to 
three  tons  of  ore  to  produce  one  ton  of  concentrates.  Using  Sturte- 
vant  mills,  and  22  per  cent,  ore,  we  can  pay  a  small  profit  at  our 
plant.  Crushers  and  rolls  require  28  per  cent,  ore  to  pay  at  the 
present  price  of  concentrates.  We  contract  our  mining  and  initial 
crushing  ready  for,  and  delivered  to  roasters,  to  Mr.  Charles  Vivian, 
of  Brewster,  N.  Y.,  at  an  average  price  of  $1.38  per  cubic  yard. 
The  ore  weighs  from  5500  to  6800  pounds  per  yard.  We  are  selling 
concentrates  at  present  to  six  furnaces,  which  use  from  35  to  53  per 
cent,  of  them  in  their  regular  mixture.  The  furnaoemen  iell  us  that 
their  flux  and  fuel  are  reduced,  but  most  of  them  decline  to  give  the 
exact  amount.  We  have  yet  to  receive  a  complaint  from  any  of  our 
customers  as  to  quality  or  fineness.  I  have  personally  witnessed 
the  use  of  several  hundred  tons  of  our  concentrates  at  the  experi- 
mental Ramel  Conley  steel-works,  near  our  mines.  They  were  used 
in  various  ways;  sometimes  loosely  thrown  in  the  bath, and  at  other 
times  made  into  briquettes  and  charged  in  the  open-hearth  furnace 
along  with  the  piles  of  scrap  or  African  ore. 

Every  one  of  the  practical  open-hearth  melters  employed  there 
at  different  times  has  informed  me  that  he  was  surprised  at  the  rap- 
idity with  which  he  could  handle  the  furnace  when  using  concen- 
trates, and  I  understand  this  has  been  the  experience  of  others. 
There  is  no  difficulty  found  with  the  blast  at  Scranton,  where  con- 
centrates have  been  used  by  Mr.  E.  S.  Moffat  for  several  years. 
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An  accurate,  though  condensed,  statement  of  the  cost  of  mining, 
crushing,  roasting,  preparing,  and  ^parating  one  gross  ton  of  68  per 
cent,  concentrates,  from  two  and  one-fifth  tons  of  38  per  cent,  ore, 
according  to  the  present  daily  practice  at  the  Croton  mines,  is  given 
below.  The  tailings  run,  in  iron,  from  7  to  8  per  cent.  About  one- 
third  of  the  ore  is  taken  from  the  old  dumps.  On  the  basis  given 
below,  680  tons  is  crushed  every  20  hours,  with  a  production  of 
about  265  tons  of  concentrates  in  the  same  time :  • 

Statement  of  CdsL 

Mining)  crushing,  and  delivering  to  roasters  2}  tons  of  raw 

ore,  at  2}  g^ss  tons  per  yard, $1.13 

Roasting,  including  top -filling, 23  ' 

Handling  at  roasters, 03 

Preparation  and  screening, 22 

Daily  renewals,  supplies,  and  repairs  of  all  machinery  and 

roasters, 05} 

Separating,  including  labor  and  power, 07 

Delivery  to  Harlem  B.R.  switch,  including  R.R  repairs,         .        .04 

Office  and  laboratory  expenses, 04} 

Insurance,  interest,  and  taxes  on  plant, 13 

$1.95 

During  the  last  winter  and  spring,  a  continuous  run  of  five  months 
was  made  of  twenty  hours  each  day,  and  the  average  cost  of  a  gross 
ton  of  concentrates  for  the  whole  term  was  $2.10. 

Improvements  have  reduced  this  amount  to  $1.95,  as  shown  by 
the  figures  given  above. 

Analyses  are  made  at  our  laboratory  daily  of  ore  at  mines,  ore 
after  leaving  roasters,  concentrates  and  tailings,  by  Mr.  G.  K.  Volck- 
ening,  Jr.,  our  chemist. 

The  following  analyses  cover  average  two  weeks'  shipments  in 
July,  August,  and  September  of  the  present  year.  All  concentrates 
were  from  screens  with  slots  ^V  ^  i  inch,  and  all  samples  were  from 
car-loads: 


July  7. 

July  15. 

August  27.         Sept.  5. 

1 

Metallic  Iron,  dried  ®212<'  F. 
Phosphorus,         "            ** 
Sulphur,               "            « 
Silica,                   "            •* 

68.55 
.0365 
.240 
3.500 

68.030 
.0368 
0.340 
3.610 

68.250 

.030 

.475 

2.951 

1 
70.090 

.045 

.170 

2.513 
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The  average  Bessemer  concentrates  for  a  period  of  eight  months 

■ 

contained : 

Per  cent. 

Metallic  iron, 66.78 

Phosphorus, .054 

Sulphur 468 

and  the  average  Foundry  concentrates : 

Metallic  iron, 65.29 

Phosphorus, .069 

Sulphur, .724 


THE  DETERMINATION  OF  IRON  IN  THE  TAILS 
FROM  MAGNETIC  CONCENI RATION, 

BY  B.   K.   LANDI8,    POTTSTOWN,  PA 

(Glen  Summit  Meeting,  October,  1891.) 

The  question  of  magnetic  concentration  is  assuming  considerable 
importance^  and  the  efficiency  of  the  different  concentrating-machines 
is  widely  discussed.  As  the  amount  of  iron  left  in  the  tails  must  vary 
with  commercial  requirements,  and  with  the  nature  of  the  minerals  in 
the  tails,  the  writer  feels  justified  in  calling  attention  to  some  points 
often  overlooked. 

In  almost  every  such  commercial  operation  a  point  is  reached  be- 
yond which  it  does  not  pay  to  go,  the  material  saved  by  further 
operations  being  obtained  at  a  cost  too  great.  The  amount  of  iron 
left  in  the  tails  from  concentration  must  dei)end,  therefore,  upon  the 
cost  of  crushing,  the  size  to  which  the  ore  is  crushed,  the  nature  of 
the  minerals  in  the  gangue,  and  the  nature  of  the  ore  itself.  Some 
ores  are  so  intimately  mixed  with  their  gangue  that  a  large  loss  of 
iron  in  the  tails  is  unavoidable.  In  many  cases  the  gangue  contains 
hornblende,  pyroxene,  seri>entine,  etc.,  which  carry  considerable  iron 
as  silicate,  or  otherwise  combined,  and  this  iron  a  magnetic  machine 
cannot  extract,  since  the  minerals  themselves  are  not  magnetic.  It 
is  evidently  unfair  to  charge  the  machine  with  this  loss  of  iron ;  and 
hence  a  satisfactory  test  of  any  such  apparatus  would  require  that 
the  iron  present  in  the  ore  as  magnetite  should  be  determined,  and 
the  proportion  in  the  tailings  of  such  iron  only  should  be  the  meas- 
ure of  the  loss,  as  compared  with  theoretical  efficiency. 
VOL.  XX. — 39 
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This  would  be  an  easy  matter,  if  the  gangue  consisted  only  of 
minerals  insoluble  in  hydrochloric  acid,  such  as  pyrites,  hornblende,  • 
pyroxene,  feldspar,  quartz,  mica,  etc.  But  minerals  soluble  in  hydro- 
chloric acid  are  often  present,  such  as  serpentine,  chondrodite, 
brucite^  enstatite,  chrysolite,  helvite,  ilvaite,  lepidomelane,  etc.,  not 
to  mention  minerals  partially  soluble,  like  hypersthene,  acmite, 
garnet  (some  varieties),  epidote,  iolite,  lepidolite,  glanconite,  etc. 
Moreover,  the  amount  of  iron  in  all  these  minerals  varies  with  dif- 
ferent varieties  of  the  same  species,  which  complicates  the  problem 
still  more. 

At  the  Croton  mines,  near  Brewster,  New  York,  the  magnetite 
was  easily  determined  by  boiling  the  tails  with  concentrated  hydro- 
chloric acid,  the  gangue  consisting  of  quartz,  hornblende,  feldspar, 
mica,  and  pyrites,  with  some  pyrrhotites,  of  which  the  only  soluble 
mineral  was  the  pyrrhotite;  and  this  being  magnetic,  should  have 
gone  into  the  concentrate  and  not  into  the  tail%  It  seemed  proper, 
therefore,  to  consider  all  the  iron  soluble  in  hydrochloric  acid  as 
coming  from  magnetite.  The  tails  from  the  ore  of  Tilly  Foster 
Mine,  near  Brewster,  New  York,  on  the  other  hand,  are  partly  com- 
posed of  minerals,  besides  magnetite,  soluble  in  hydrochloric  acid, 
and  containing,  according  to  Dana's  Mineralogy^  the  following  per- 
centages of  ferrous  oxide:  serpentine,  1087 ;  brucite,  5.63;  chondro- 
dite, 5;  enstatite,  10.  They  contain  also  other  similar  minerals,  so 
that  boiling  hydrochloric  acid  extracts  considerably  more  iron  than 
that  existing  as  magnetite. 

As  evidence  that  the  difference  between  the  total  iron  and  that 
extracted  by  boiling  hydrochloric  acid,  even  under  the  above  con- 
ditions, is  considerable,  the  following  analyses  are  given  by  permis- 
sion of  Mr.  E.  S.  Mofikt,  general  manager  of  the  Lackawanna  Iron 
and  Steel  Company. 

Record  of  analyses  made  during  six  morUhs  of  1891 : 

Total  Iron.  Iron  Soluble  In  HCl. 

12.993  10.954 

11.299  S.005 

11.173  9^50 

9.216  7.344 

10.670  8.238 

9.164  8.096 

9.773  8.380 

10.339  8.498 

11.614  9.778 

10.985  9.013 
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Total  Iron.  Iron  Soluble  in  HCL 

12.500  9.140 

10.653  7.670 

12.394  10.281 

12.676  10.844 

10.240  8.027 

11.204  9.663 

9.383  7.842 

10.223  8.823 

11.064  8.963 

10.795  8.664 

13.494  11.647 

11.931  9.800 

11.647  9.374 

11.516  9.690 

11.095  8.988 

12.078  -9.971 

12.640  10.954 

13.904  11.235 

13.482  10.814 


Average,        11.384  9.318 

The  amount  of  iron  existing  as  magnetite  in  the  tails  has  another 
aspect.  At  present,  oomroercial  considerations  prevent  too  close  a 
cleaning  of  the  tails ;  but  these  conditions  may  be  modified  or  may 
entirely  disappear  in  the  future,  so  that  tails  now  rejected,  and  car- 
rying 15  to  18  per  cent,  of  iron,  may  be  worked  at  a  profit,  the 
material  being  already  crushed.  When  this  situation  arrives,  the 
importance  of  knowing  how  much  of  the  iron  exists  as  magnetite, 
and  how  much  is  present  otherwise  combined,  and  therefore  beyond 
recovery  by  magnetic  machines,  though  it  might  not  be  very  great 
in  the  case  of  tails  like  those  of  the  Croton  mines,  might  prove  a 
serious  element  in  considering  the  treatment  of  such  material  as  the 
Tilly  Foster  mine  produces. 


NOTE  ON  SAMPLING  IBON-OBE. 

* 

BY  E.    K.    LANDIS,   POTISTOWN,   PA. 

(Glen  Summit  Meeting.  October,  1891.) 

In  connection  with  the  iiiteresting  paper  of  Mr.  Glenn  on  "Samp- 
ling Ores  Without  Use  of  Machinery  "  (page  156  of  the  present  vol- 
ume), I  venture  to  offer  the  results  of  ten  years'  experience  in  the 
sampling  of  iron-ore  by  a  method  adopted  when  I  first  became 
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engaged  in  the  analysis  of  ores,  and  continued  to  the  present  time. 
This  method  seems  simpler  than  the  one  described  in  Mr.  Glenn's 
paper,  and  it  has  proved,  for  iron-ore,  quite  accurate,  as  checked  by 
samples  taken  according  to  more  elaborate  methods,  and  analyzed  by 
such  chemists  as  McCreath,  Booth,  Grarrett  Blair,  and  others,  with 
results  rarely  differing  more  than  0.1  to  0.2  per  cent.  I  r^ard  it, 
therefore,  as  not  less  satisfactory,  while  it  is  much  more  rapid  than 
other  methods. 

If  a  pile  or  car-load  of  lump  iron-ore  is  to  be  sampled,  each  piece 
that  can  be  reached  over  the  entire  surface  is  picked  up,  and  a  small 
fragment  is  broken  off  and  kept,  the  size  of  this  fragment  being 
governed  by  the  size  of  the  lump  from  which  it  is  broken,  that  is,  a 
lai^r  piece  being  taken  from  a  large  lump  than  from  a  small  one. 
In  case  the  lump  consists  of  ore  with  adhering  gangue,  a  piece  of 
each  is  taken,  the  size  depending,  as  before,  upon  the  size  of  the 
lump  and  the  relative  amounts  of  gangue  and  ore  in  it. 

When  the  entire  surface  has  been  gone  over,  the  sample  is  reduced 
by  crushing  until  it  all  passes  a  10-mesh  sieve.  It  is  then  thor- 
oughly mixed  on  a  large  sheet  of  hardware-paper,  first  with  a  coal- 
shovel,  then  by  turning  over  and  over  from  end  to  end,  and  from 
side  to  side.  When  thoroughly  mixed,  a  small  portion  is  taken  with 
a  large  spatula  from  points  all  over  the  heap,  and  this  is  reduced  in 
a  Riottc  mortar  until  it  all  passes  a  20-mesh  sieve.  It  is  then  again 
treated  on  the  paper  as  before,  and  the  resulting  sample  is  passed 
through  a  40-mesh  sieve  and  bottled.  This  is  subsequently  mixed 
once  more  on  a  smaller  paper,  and  a  sufficient  quantity  for  analysis 
is  taken  out  and  ground  to  the  required  fineness  in  an  agate 
mortar. 

The  above  procedure  is  employed,  as  already  observed,  for  lots 
consisting  entirely  of  lump-ore.  When  fine  ore  mixed  with  lump 
is  to  be  sampled,  the  lump  is  sampled  first  as  above ;  then  the  fine  is 
sampled  by  taking  pinches  or  handfuls  from  all  over  the  exposed 
surface,  the  quantity  taken  being  such  that  the  same  ratio  is  olv 
served  between  fine  and  lump  in  the  sample  as  exists  in  the  ore 
itself. 

W^hile  the  element  of  judgment  involved  in  this  method  creates 
an  undoubted  source  of  possible  error,  and  makes  such  error  easy 
through  ignorance,  carelessness  or  intentional  dishonesty,  the  practical 
question  is,  whether  the  method,  intelligently  used  on  such  material 
as  iron-ore,  actually  gives  trustworthy  results.  An  excellent  test  of 
this  question  is  afforded  by  the  sampling  and  analysis  of  crude  ore, 
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concentrates  and  tails  carried  on  for  four  months  at  the  Tilly  Foster 
mine.  The  crude  ore  was  sampled  as  above  described.  Of  the  con- 
centrateSy  cores  were  taken  in  eighteen  different  places  on  each  car- 
load by  driving  through  it  a  1^-inch  tube,  slightly  swedged  in  at  the 
lower  end,  like  a  "choke-bore"  gun.  The  tails  were  sampled  by 
collecting  four  bucketfuls  from  each  spout,  allowing  them  to  settle, 
decanting  the  water,  and  drying  the  residue. 

The  weights  of  crude  ore  and  concentrates  were  accurately  known, 
and  it  is  evident  that  by  applying  to  the  results  of  the  analyses 
of  the  samples  the  formula  given  by  Mr.  Birkinbine  {Trans.,  xix., 
673),  a  figure  representing  the  number  of  tons  of  crude  ore  required 
to  produce  one  ton  of  concentrates  could  be  obtained,  which,  if  samp- 
ling and  analysis  were  correct,  would  correspond  with  the  direct  de- 
termination ip  practice.  In  the  discussion  of  Mr.  Glenn's  paper, 
already  cited,  Dr.  Raymond  has  applied  this  test  to  reports  of  con- 
centrating-experiments,  arguing  from  the  discrepancy  between  the 
results  of  the  formula  and  the  reported  weights  actually  used  and 
produced,  that  there  must  have  been  defective  sampling  for  anal- 
ysis. 

Such  a  comparison  was  made  for  the  operations  of  four  months  at 
the  Tilly  Foster  mine,  with  the  following  results : 

Factor  directlj  found  from  weights,    . 
Factor  calculated  from  analyses, . 

0.09        .068      0.07      0.134 

This  agreement  is  as  close  as  could  be  expected  ;  and  the  almost 
uniform  difference  in  one  direction  points  rather  to  loss  of  material 
in  handling  than  to  defects  in  sampling  or  analysis.  The  latter 
might  be  expected  to  give  variations  in  either  direction. 


L 

11. 

III. 

IV. 

2.52 

2.360 

2.73 

2.760 

2.43 

2.292 

2.66 

2.626 

THE  PREPABATION  AND   UTILIZATION  OF  SMALL  SIZES 

OF  ANTHBACITE. 

(A  DiscuflsioD  at  the  Glen  Summit  Meeting,  October,  1891.) 

EcKLEY  B.  CoxE,  Driftou,  Pa. :  Anthracite  coal  differs  from 
other  fuels  in  its  greater  solidity.  It  does  not  burn  like  coke  or 
wood,  or  like  bituminous  and  coking  coals,  which  become  more  or 
less  spongy  when  heated,  so  that  combustion  can  take  place  to  some 
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extent  within  the  mass  of  each  piece.  Anthracite  burns  only  at  the 
surface.  The  air-passages  which  are  necessary  for  an  anthracite  fire 
can  only  be  secured  between  the  lumps,  piled  in  contact  with  one 
another.  It  follows  that  the  coal  must  be  separated  into  such  sizes  as 
will  leave  proper  air-spaces  between  the  lumps,  and  that  lumps  of 
many  different  sizes  must  not  be  mixed  in  burning.  For  example, 
stove-coal  (the  pieces  of  which  pass  through  a  mesh  two  inches 
square)  will  burn  beautifully  in  a  stove;  but,  if  it  be  mixed  with  a 
little  chestnut  and  pea-coal,  these  smaller  coals  will  fill  up  the 
spaces  between  the  larger  lumps ;  and,  although  a  greater  aggregate 
surface  of  coal  is  exposed,  not  enough  air  passes  through  to  produce 
perfect  combustion.  One  of  the  most  important  points  in  the  prepa- 
ration apd  use  of  anthracite  coal  is  good  sizing.  While  this  is  uni- 
versally admitted,  I  do  not  think  sufficient  attention  has  been  paid 
to  it  in  attempting  to  burn  the  small  fuels.  I  have  found  by  repeated 
experiment,  to  my  great  surprise,  that  a  certain  coal,  the  large  sizes 
of  which  (broken  and  egg)  burned  badly  under  boilers,  gave  me, 
when  burned  in  the  form  of  buckwheat  or  pea,  better  results  than 
any  other  of  our  coals.  The  explanation  was,  that  when  we  burned 
egg  or  broken  coal,  the  ash,  instead  of  falling  away,  adhered  to  the 
coal,  and  there  was  formed  ultimately  around  each  lump  a  layer  of 
ash,  not  to  be  detabhed  without  a  great  deal  of  shaking,  which  inter- 
fered very  seriously  with  the  fire ;  and  at  last  the  layer  became  so 
thick  as  to  prevent  the  oxidation  of  the  carbon  underneath.  It  was 
a  veYy  pure  coal,  but  the  ash  adhered  to  it.  But  when  we  burned 
the  buckwheat  of  the  same  coal,  the  small  unit-lump  was  con- 
sumed before  the  layer  of  ash  became  thick  enough  to  preclude  com- 
bustion. With  our  No.  1  wet  buckwheat  from  that  mine,  we  evap- 
orated 7.78  pounds  of  water  per  pound  of  coal  as  against  6.79  pounds 
with  No.  I  Drifton  buckwheat,  which  we  consider  to  be  our  best 
steam-coal.  In  fact,  this  coal,  which  had  proved  so  unsatisfactory 
in  larger  sizes,  evaporated  almost  as  much  water,  when  burned  as 
No.  1  buckwheat,  as  did  the  Driflon  pea-coal.  This  shows  inci- 
dentally that  a  test  of  the  evaporating  capacity  of  one  size  may  be 
misleading  for  another  size  of  the  same  coal.  In  other  words,  the 
fact  that  you  are  familiar  with  the  larger  sizes  of  coal  *from  any 
particular  colliery  may  mislead  you  as  to  the  value  of  the  smaller 
sizes. 

Originally  only  the  large  lumps  of  anthracite  were  shipped  to 
market ;  then  broken-,  then  egg-  and  then  stove-coal  were  intro- 
duced ;  and  afterwards  chestnut,  pea,  buckwheat  and  the  smaller 
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sizes  were  utilized.  As  a  getieral  rule,  with  the  exception  of  what 
is  known  as  '^pea-and-dnst/'  the  smaller  sizes  oame  into  use  first  as 
boiler-ooal  at  the  collieries.  ''  Pea-and-dust'^  is  the  screening  made 
in  shipping  poal  at  the  docks  into  vessels.  It  is  very  pure,  consist- 
ing of  fragments  from  the  larger  pieces  of  pure  coal.  This  was 
bought,  for  a  number  of  years,  at  a  very  low  price  at  the  shipping 
points,  by  people  who  were  intelligent  enough  to  use  it.  The  price^ 
for  a  long  time,  was  less  than  the  freight  on  the  larger  coal.  The 
material  was  used  either  alone  or  mixed  with  bituminous  coal. 
This  use  of  the  pea-and-dust  called  attention  to  the  immense  amount 
of  fuel,  of  apparently  as  high  quality,  in  the  culm-banks  at  the  col- 
lieries. The  coal  from  the  culm-banks  was  first  burned  in  large 
quantities  in  the  vicinity  of  Scranton ;  -and  its  use  is  increasing. 
But  a  marked  difference  was  soon  realized,  between  the  pea-and-dust 
of  shipping-ports  and  the  material  from  theoulm-banks.  First,  the 
banks,  in  many  cases,  contained  large  amounts  of  slate;  secondly, 
the  culm  itself  contained  a  much  larger  percentage  of  slate  than  the 
pea-and-dust ;  and  thirdly,  where  these  banks  had  been  exposed  to 
the  action  of  the  weather  for  any  great  length  of  time,  the  fuel  had 
deteriorated. 

It  should  be  noted  also  that  the  old  culm-banks  are  much  richer 
in  pea  and  buckwheat  than  the  more  modern  ones.  Some  of  the 
older  banks  contain  almost  all  the  pea  made  at  the*  collieries,  while 
the  culm-banks  of  the  present  time  generally  represent  a  refuse,  from 
which  not  only  the  pea  but  also  the  No.  1  and  No.  2  buckwheat  have 
been  taken  out  This  distinction  is  very  important.  Our  experi- 
ments have  shown  that  if  we  attempt  to  burn,  upon  any  grate  which 
we  now  know,  culm  from  which  all  these  sizes  of  coal  have  been 
extfacted,  a  large  portion  of  the  fine  coal  remaining  will  run  through 
the  grate  into  the  ash-pit,  after  the  fuel  has  become  dry.  But  if 
there  is  a  certain  proportion  of  larger  sizes  of  coal  mixed  through 
the  dust,  one  of  the  larger  pieces  will  very  soon  run  into  the  opening 
and  stop  it.  It  is  therefore  very  important,  in  arranging  to  burn 
culm,  to  know  the  exact  proportions  of  the  smaller-sized  coal 
mixed  through  it.  We  have  also  found  that  in  burning  No.  2  or 
No.  3  buckwheat,  it  is  important  to  have  the  finer  dtist,  as  far  as 
possible,  taken  out  of  it,  since  this  goes  inta  the  ash-pit  without  bump- 
ing, and  chokes  the  draft.  It  is  really  as  easy  (or  easier)  to  burn 
the  very  smallest  coal,  free  from  dust,  as  the  next  larger  size 
containing  dust.  We  have  burned  successfully  coal  that  goes  through 
a  round  hole  three-sixteenths  of  an  inch  in  diameter  and  over  a 
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round  hole  one-sixteenth  of  an  inch  in  diameter,  when  the  ooal  was 
clean. 

Knowing  that  some  of  the  people  who  bought  pea-and-dust  in 
New  York  mixed  it  with  bituminous  ooal,  we  procured.some  highly 
bituminous  coal,  mixed  10  per  cent,  of  it  with  our  No.  3  buckwheat, 
and  burned  it  carefully,  weighing  the  coal  and  the  water  evaporated. 
We  found  that  we  got  better  results  from  the  No.  3  buckwheat  alone 
than  we  did  when  we  mixed  the  10  per  oent.  of  bituminous  coal 
with  it.  My  explanation  is,  that  the  finer  particles  of  bituminous 
slack  closed  the  air-passages  to  a  certain  extent,  while,  on  the  other 
hand,  this  coal  was  not  present  in  sufficient  quantity  to  produce  a 
coking-effect.  The  mixture  evaporated  6.64  pounds  of  water  per 
pound  of  fuel ;  while  the  No.  3  buckwheat  alone  evaporated  6.60. 
The  men  decidedly  preferred  to  fire  with  the  unmixed  coal. 

In  the  preparation  of  these  smaller  coals,  we  have  found  great  ad- 
vantage using  what  is  known  as  the  feldspar-jig,  having  the  bottom 
covered  with  pieces  of  feldspar,  through  which  the  impurities  pass 
down.  We  have  been  very  much  astonished  to  find  how  much  iron 
pyrites  is  present  in  the  smaller  coal ;  in  some  oases  over  50  per  cent 
of  the  jig-refuse.  The  cause  is,  that  the  pyrites  occurs  generally  in 
small  flakes  in  the  coal  and  slate,  and  breaks  up  into  very  fine 
pieces,  which  find  their  way  into  the  very  small  coals.  I  am  satis- 
fied that  for  this  reason  careful  jigging^  as  well  as  careful  sizing,  is 
necessary  for  their  economical  use.  The  determination  of  iron 
pyrites  was  first  made  by  taking  samples  of  jig-drawings,  screening 
them  into  several  sizes  and  picking  out  the  pyrites  by  hand.  This 
being  a  very  laborious  operation  and  hard  upon  the  eyes,  my  assist- 
ant, Mr.  Wagner,  suggested  the  extension  of  a  plan  originally  pro- 
posed by  Dr.  Drown  {Trans.j  xiii.,  341),  namely,  the  separation  of 
the  slate,  iron  pyrites  and  coal  by  the  use  of  sulphuric  acid,  diluted 
so  as  to  form  liquids  of  different  specific  gravities,  upon  one  of  which 
the  coal  would  float,  on  another  the  slaty  coal  and  on  a  third  the 
lighter  slate;  what  falls  to  the  bottom  of  the  heavier  solution  being 
practically  iron  pyrites  and  heavy  slate,  which  can  then  be  easily 
separated  by  the  eye. 

In  many  cases,  the  amount  of  slate  in  the  smaller  sizes  bears  no 
relation  to  the  amount  oC  slate  in  the  whole  vein,  or  in  the  lai^r 
sizes.  Some  slates  are  tough  and  hard  and  do  not  break  much  into 
small  pieces.  When  the  slate  in  the  vein  is  of  this  character,  the 
smaller  coals  will  be  comparatively  clean.  But  where  the  slate  is 
friable  and  breaks  up  easily,  a  much  larger  percentage  will  be  found 
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in  the  small  sises.  I  have  already  referred  to  the  importance  of 
good  sizing  in  order  to  secnre  good  combustion.  It  is  equally  im- 
portant for  good  jigging.  For  these  two  reasons^  we  make  three 
sizes  of  bucicwheat,  which  enables  ns  to  jig  them  well  and  to  burn 
them  to  advantage  afler  they  are  jigged.  The  feldspar-jigs  have  the 
advantage  of  removing,  in  the  jigging-operation,  a  large  proportion 
of  fine  coal  which  the  screens  do  not  separate,  but  which  should  be 
taken  out.  We  use  for  our  larger  coals,  down  to  pea-size,  piston- 
jigs  with  automatic  discharges  fur  coal  and  slate  (a  modification  of 
the  Liihrig  jig).  But,  for  our  smaller  sizes,  these  jigs  do  not  seem 
to  work  well,  and  our  experience  indicates  at  present  nothing  better 
than  the  feldspar-jigs,  which  are  used  very  largely  for  small  sizes  in 
Europe.  Descriptions  of  them  can  be  found  in  almost  all  treatises 
upon  coal-washers  abroad.  We  cannot,  of  course,  get  out  all  the 
slate ;  but  we  reduce  the  percentage  of  ash  very  materially,  and  get 
rid  of  the  heavy  slate  and  iron  pyrites,  which  are  the  most  trouble- 
some impurities. 

Let  me  now  say  a  few  words  as  to  the  boilers.  Originally  the  fuel 
burned  at  the  mines  had  practically  little  or  no  market-value;  capi- 
tal was  difficult  to  obtain  ;  and  operators  built  their  boilers  with  the 
view  of  getting  the  greatest  amount  of  steam  with  the  least  invest- 
ment of  money  in  the  plant,  the  amount  of  coal  burned  not  being  con- 
sidered at  all.  The  boilers  were  plain  cylinder-boilers,  and  gener- 
ally the  products  of  combustion  from  all  of  them  ran  into  a  single 
stack,  which,  by  the  natural  increase  in  the  number  of  boilers  as  the 
colliery  became  older  and  larger,  often  became  insufficient ;  so  that 
in  many  cases  more  money  was  spent  for  the  plant  than  would  have 
been  necessary  had  proper  stacks  been  built  for  the  boilers.  For 
$10  in  stacks,  $50  was  wasted  in  building  extra  boilers.  There  has 
beeo  a  marked  Improvement  in  this  respect.  The  tendency  now  is 
to  piit  up  a  stack  for  each  nest  of  boilers.  Originally,  when  large 
coal  was  used,  simple  grate-bars  were  used ;  but,  as  the  use  of  small 
coals  increased,  improved  forms  of  grates  had  to  be  adopted,  since 
the  ordinary  bars  could  not  be  placed  close  enough  together  to  let 
the  air  through  and  yet  support  the  coal.  The  first  improvement 
was  to  make  the  bars  in  two  parts :  a  lower  part,  which  did  not 
reach  the  fire,  but  carried  the  weight,  and  an  upper  bar,  which  was 
made  in  small  sections  and  supported  the  coal  directly.  The  oscil- 
lating bars  of  different  types,  of  which  the  McClave  bar  is  an  exam- 
ple, began  to  be  used.  These  are  found  to  be  generally  necessary 
for  the  very  small  coals,  although  in  some  cases  such  coals  are 
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burnt  successfully  on  plates  with  small  holes  in  them.  At  about 
the  time  of  the  introduction  of  the  movable  bars,  the  use  of  a 
forced  draft  produced  by  a  steam-blower  came  into  successful  use, 
and  seems  to  have  produced  very  good  results.  In  some  cases,  fan- 
blowers  are  used.  The  steam-jet,  while  perhaps  not  as  economical 
theoretically  as  the  fan,  has  other  advantages.  We  have  less 
trouble  with  the  clinkers;  this,  I  think,  is  due  partly  to  the  cool- 
ing action  of  the  steam  and  partly  to  the  fact  that  the  steam  is  de- 
composed, and  carbonic  oxide  and  hydr<^n  are  formed  when  the 
steam  reaches  the  hot  fire,  thus  reducing  the  temperature  near  the 
bars,  where  the  clinker  is  likely  to  form.  Where  clinker  forms  in 
large  quantities,  the  oscillating  bars  are  difficult  to  manage ;  and  I 
found  on  one  occasion  that,  by  putting  a  very  powerful  blower  in 
the  stack,  we  got  an  excellent  fire,  but  our  grate-bars  soon  became  so 
clogged  with  clinker  that  it  was  almost  impossible  to  clean  the  fires; 
and  we  abandoned  the  use  of  it,  preferring  to  blow  the  air  in  by 
means  of  a  steam-jet  under  the  grate-bars. 

We  have  also  observed  that,  not  only  at  our  own  collieries,  but  at 
many  others  in  the  coal-region,  the  escaping  gases  are  entirely  too 
hot,  often  exceeding  a  thousand  degrees.  To  remedy  this,  we  b^an 
by  putting  feed-water  heaters  in  the  stack.  We  then  put  mud- 
drums  under  our  cylinder-boilers,  thereby  increasing  the  evaporation 
41  per  cent,  without  increasing  the  quantity  of  coal  used  or  the 
labor  in  firing;  and  lately  we  have  put  in,  between  our  stacks  and 
the  cylinder-boilers  with  mud-drums,  a  boiler  made  entirely  of  pipe, 
which  has  again  increased  our  evaporation  abont  40  per  cent.,  and 
reduced  our  stack-temperature  to  about  four  hundred  degrees,  or  a 
little  over.  Of  course,  if  we  were  erecting  an  entirely  new  plant,  it 
would  probably  be  easy  to  devise  a  better  system  of  boilers  than 
those  we  use;  but  companies  having  the  large  plants  now  in  open^tion 
in  the  coal-regions,  cannot  afford  to  throw  them  away,  and  mu|t  en- 
deavor to  make  them  more  economical  by  gradually  improving 
them.  The  great  point  is  to  keep  continually  working  towards 
something  better,  without  spending  so  much  money  as  to  hamper 
the  business. 

I  would  like  to  insist  again  upon  the  importance  of  having  the 
coal  as  free  from  dust  and  smaller  sizes  as  possible,  in  order  to  obtain 
good  results.  A  great  deal  has  been  said  and  written  about  the  im- 
mense amount  of  coal  in  the  culm-banks.  I  think  the  amount  is 
exaggerated.  Many  of  these  banks  are  spoilt  by  being  mixed  with 
other  refuse ;  many  of  them  have  deteriorated  so  as  to  have  com- 
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paratively  little  value;  many  have  been  on  fire;  and  finally,  banks 
when  opened  turn  out,  in  many  cases,  not  to  be  as  large  as  they 
were  expected  to  be. 

I  am  informed  that,  while  there  has  been  since  1883  a  great  in- 
crease in  the  shipments  of  anthracite,  the  whole  of  the  increase,  and 
perhaps  more,  is  in  sizes  below  chestnut,  showing  that  there  is  a 
gradual  but  steady  progress  in  the  use  of  these  small  coals  which 
were  formerly  regarded  as  waste.  I  think  the  gain  by  reduction  of 
the  stack-temperature,  to  which  I  have  referred,  is  a  matter  to  which 
too  mifch  attention  cannot  be  given.  Another  point  too  little  con- 
sidered by  the  users  of  coal,  is  the  great  economy  which  might  be 
secured,  not  only  by  manufacturers  but  by  coal-operators  themselves 
at  the  mines,  by  the  use  of  high-class  economical  engines.  We  are 
using  with  great  success  automatic  cut-off  engines,  compound  en- 
gines, and  (wherever  we  have  the  water  to  do  it)  condensers ;  and  we 
have  proved,  by  many  experiments,  their  great  economy,  not  only 
in  running  cost,  but  also  in  the  installation  of  the  boiler-plant. 

E.  G.  SpiLsnuRY,  Trenton,  K  J.:  We  have  recently  experi- 
mented at  the  works  of  the  Trenton  Iron  Company  to  determine  the 
relative  economy  of  oil  as  a  fuel,  compared  with  No.  2  or  No.  3 
buckwheat.  It  may  be  pleasant  for  you  gentlemen  of  the  anthracite 
regions  to  hear  that,  so  far,  buckwheat  is  ahead.  The  evaporation « 
we  have  been  able  to  get,  not  in  any  test  of  a  few  hours,  but  on  the 
average  for  five  months,  has  been  (deducting  the  time  consumed  in 
cleaning  fires)  about  9.7  pounds  of  water  per  pound  of  buckwheat 
coal.  This  is  stated  in  terms  of  the  water  as  we  fed  it  to  the  boiler, 
and  of  the  pressure  of  steam  used.  Our  water  goes  into  the  boiler 
at  an  average  temperature  of  about  160  degrees  F.,  and  we  carry  an 
average  steam-pressure  of  95  pounds.  We  use  the  upright  Manning 
boiler  altogether.  The  fire-boxes  are  8  feet  in  diameter,  and  the  tubes 
are  1§  feet  long.  Our  stack-temperature  averages  about  460  de- 
grees F. 

Mr.  Coxe  :  Of  course,  that  is  the  decisive  test  If  your  combus- 
tion is  complete,  and  your  heat  does  not  go  out  of  the  chimney,  it 
must  go  iuto  the  water. 

Mk.  Spilbbury  :  The  cost  of  oil  to  us  is  about  2.1  cents  per  gal- 
lon, and  that  of  the  coal,  delivered  at  the  boilers,  is  about  $1.94 
per  ton.  I  think  it  is  No.  2  buckwheat.  On  that  basis  of  cost,  the 
economy  is  as  seven  to  five  in  favor  of  the  buckwheat  anthracite. 
We  have  also  tried  mixing  with  bituminous  coal,  with  results  con- 
firming the  experience  of  Mr.  Coxe.     We  got  no  practical  advantage, 
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but  the  contrary.  We  began  with  half-and-half,  and  went  up  to  75 
per  cent,  bituminous,  with  25  buckwheat.  Combustion  was  good 
for  a  short  time,  while  the  fires  were  fresh ;  but  afterwards  the  buck- 
wheat would  pass  out  unconsumed,  being  occluded  in  the  ashes  of 
the  bituminous  coal.  We  find  one  objection  to  the  use  of  the  buck- 
wheat anthracite,  namely,  the  dust  which  blows  out  of  our  stack. 

R.  J.  Foster,  Scranton,  Pa. :  I  will  try  to  furnish,  as  a  contribu- 
tion to  this  discussion,  a  description  of  the  McClave  grate  and  its  use 
in  Scranton  for  the  burning  of  culm,  to  which  Mr.  Coxe  has  alluded.^ 

E.  8.  Moffat,  Scranton,  Pa. :  The  ordinary  mixed  culm^as  used 
in  the  works  at  Scranton  for  steam- purposes,  contains  all  sizes  under 
pea-coal.  The  steel-works  and  rolling-mills  of  the  Lackawanna 
Iron  and  Steel  Company  make  all  their  steam  with  this  fuel ;  and  its 
use  has  proved  a  great  economy.  In  running  full  time,  the  con- 
sumption of  culm  at  our  north  and  south  Scranton  works  amounts 
to  more  than  15,000  tons  monthly.  The  use  of  this  liberates  for 
market  nearly  as  large  a  quantity  of  coarser  coal,  which  we  would 
otherwise  be  obliged  to  burn.  As  the  culm  costs  only  20  to  25  cents 
delivered  at  the  works,  the  greatness  of  the  saving  is  apparent.  The 
current  production  of  culm  from  the  mines  being  large,  we  have  not 
used  much  from  the  accumulated  piles,  but  have  run  chiefly  on  fresh 
culm;  and  we  get  rather  better  results  from  it  than  from  that  which 
has  been  long  exposed  to  the  atmosphere. 

The  successful  use  of  mixed  culm  under  boilers  was  accomplished 
at  the  mills  of  the  Lackawanna  Iron  and  Coal  Company  more  than 
nine  years  ago.  Mr.  T.  G.  Wolf,  the  superintendent,  and  Mr.  B. 
Niebell,  the  chief  engineer,  had  experimented  considerably  with  va- 
rious forms  of  stationary  grates  without  much  success ;  but  when 
they  adopted  the  shaking  grate,  combined  with  the  steam-jet  blast, 
the  problem  was  solved.  The  main  trouble  was,  that  in  firing  culm 
on  stationary  grates  the  fire  was  torn  to  pieces  whenever  it  was^eces- 
sary  to  clean  it,  thus  occasioning  much  loss  of  time;  but  by  the  use 
of  the  shaking  grate  the  ashes  could  be  removed  from  below,  without 
materially  disturbing  the  upper  part  of  the  fire. 

The  Howe  grate,  first  used,  was  soon  followed  by  the  McClave, 
which  was  adopted  by  the  Scran fon  Steel  Company.  Both*  are  now 
in  successful  operation  at  the  Lackawanna  Iron  and  Steel  Company's 
works.     As  for  the  evaporative   power  of  ordinary  mixed  culm. 


*  Note  by  the  Secretary. — See  Mr.  FosteHe  paper  on  this  subject,  in  the 
present  volame,  page  62S. 
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practice  with  our  boilers  shows  an  evaporation  of  6.4  pounds  of 
water  to  1  pound  of  fresh  culm.  We  estimate  that  our  culm  costs 
us  not  over  2  cenU  per  horse-power  per  day  of  24  hours.  The  labor 
of  firing  and  taking  out  ashes  and  the  repairs  are  no  greater  with 
culm  than  with  coarse  coal. 

The  Secretary  read  the  following  communication  : 

F.  M.  F.  Cazik,  Hoboken^  N.  J.:  So  far  as  the  making  of  steam  is 
concerned,  the  utilization  of  anthracite  smalls  was  practically  solved 
for  me- long  ago,  by  burning  f  anthracite  with  ^  bituminous  smalls 
on  the  well  known  Treppenrost,  or  step-grate,  in  connection  with  an 
inclined  boiler  (manufactured  by  Henschel  &  Son,  Cassel,  Ger- 
many). 

I  believe  I  was  the  first  to  practice  another  method  for  utilizing 
this  fuel.  In  1854  and  1855, 1  owned  and  worked  at  Schledehausen, 
near  Boomte,  in  the  principality  of  Osnabriick,  Germany,  a  coal- 
mine on  a  bed  belonging  to  the  Wealden  formation.  The  coal  had 
the  chemical  composition  and  appearance  of  anthracite,  but.  upon 
exposure,  it  crumbled  totally  to  smalls.  Owning  also  extensive 
deposits  of  bog-iron  ore  in  the  vicinity,  I  desired  to  find  some  way  of 
making  this  coal  available  as  a  blast-furnace  fuel;  and  my  experi- 
ments proved  to  my  satisfaction  that  a  mixture  of  it  in  suitable  pro- 
portion with  the  smalls  of  bituminous  coking-coal  (preferably  after 
washing  both  coals),  could  be  successfully  treated  in  coke-ovens,  the 
anthracite  being  absorbed  or  dissolved,  so  to  speak,  so  as  to  produce 
a  coke  of  uniform  structure.  The  percentage  of  ash  depended,  of 
course,  on  the  constituents  of  the  original  materials,  and  was  reduced 
to  a  minimum  by  previous  washing  of  these.  The  ability  of  the  coke 
to  carry  burden  in  the  furnace  was  not  inferior  to  that  of  coke  made 
from  the  same  bituminous  smalls  without  anthracite. 

Controversies  with  the  government,  first  of  Hanover  and  after- 
wards of  Prussia,  concerning  the  mining  concession  of  the  coal 
(which  I  had  acquired  from  the  land-owuers,  but  which  the  author- 
ities refused  to  ratify),  ultimately  forced  me  to  abandon  this  prop- 
erty, and  with  it  the  practicable  development  of  my  invention  in  the 
manufacture  of  anthracite-coke.  Since  coming  to  the  United  States, 
in  1867,  I  have  been  otherwise  occupied,  and  have  not  pursued  this 
matter  further,  .except  in  private  correspondence.  I  do  not  find  in 
technical  literature  any  references  to  it  of  as  early  date  as  my  ex- 
periments above  mentioned. 

R.  W.  Raymond,  New  York  City :  I  have  received  from  Mr. 
Fooke  Straker,  Port   Oram,  N.  J.,  an   account  of  some  experi- 
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ments^  on  a  small  scale,  in  the  coking  of  anthracite  culm  mixed  with 
bituminous  slack.  Mr.  Straker  reports,  in  substance,  that  while  the 
bituminous  coal  alone  gave  a  good,  ordinary  coke,  and  the  culm  alone 
gave  no  sign  of  coking,  he  obtained  from  a  mixture  of  equal  pro- 
portions fair  coke,  and  from  f  culm  and  ^  bituminous  coal  a  silvery, 
hard  coke.  For  the  benefit  of  members  desiring  to  know  what  has 
been  done  in  this  direction,  I  will  say,  that  the  subject  was  brought 
up  in  September,  1876,  at  the  Manchester  meeting  of  the  Iron  and 
Steel  Institute,  in  a  paper  by  Mr.  William  Hackney,  on  "  The  Manu- 
facture of  Anthracite  Coke  in  Wales,"  which  was  discussed  by  Mr. 
Riley,  Professor  Williamson,  Dr.  0.  W.  Siemens,  and  others  (see 
Jour,  I,  and  8.  Inst.,  1875,  part  ii.,  p.  523).  A  summary  of  the 
Welsh  process  will  be  found  in  vol.  L.  of  the  Penn.  Greol.  Survey,  p. 
85,  in  the  report  of  Mr.  F.  Piatt.  Vol.  MM.  of  the  same  series 
contains  a  later  report  from  Mr.  Piatt,  giving  the  results  of  careful 
experiments,  which  included  coking  with  and  without  the  addition 
of  pitch,  and  with  varying  proportions  of  anthracite  and  bituminous 
coal.  Analyses  of  the  materials  are  given,  as  well  as  tests  of  the 
proiluct;  and  the  conclusions  reached  by  Mr.  Piatt  are:  1.  That  a 
fuel  can  be  made  by  coking  mixed  anthracite  and  bituminous  slack 
which  will  answer  the  purposes  of  ordinary  coke ;  2.  That  the  use 
of  pitch  has  little,  if  any,  advantageous  effect;  3.  That  such  coke 
can  be  best  made  in  long,  narrow  ovens ;  4.  That  about  half-and- 
half  is  the  best  mixture  to  give  strong  coke.  The  best  coke  made 
in  these  experiments  had  9.985  per  cent,  ash,  and,  tested  in  the 
foundry  of  .the  Cambria  Iron  Company,  showed  a  lower  smelting- 
capacity  than  Connellsville  coke,  besides  requiring  more  time  to  do 
the  same  work,  and  crumbling  badly.  On  the  other  hand,  the 
original  materials  had  not  been  washed  before  mixing  and  coking. 

The  Secretary  presented  the  paper  of  Mr.  Blauvelt,  on  the 
Utilization  of  Anthracite  Waste  by  Qasification  in  Producers,  as  a 
contribution  to  this  discussion.  (For  this  paper  see  page  625  of 
the  present  volume.) 

Jerome  L.  Boyer,  Reading,  Pa.  (Communication  to  the  Secre- 
tary) :  We  are  using  for  our  electric-light  plant  a  mixture  of  100 
pounds  bituminous  coal  with  400  pounds  coal-dirt  from  the  coal- 
yards  in  this  city.  The  latter  ranges  in  size  from  ^-inch  down  to 
dust.  We  evaporate  on  a  grate-surface  of  36  square  feet  for  each 
of  our  eight  boilers  al>out  7^  pounds  of  water  per  pound  of  fuel,  and 
we  think  our  fuel-mixture  an  economical  one. 

Axel  Sahlin,  New  York  City  (Communication  to  the  Secretary): 
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About  a  year  ago,  I  made  a  test,  to  determine  the  economy  of 
substituting  bituminous  coal  as  fuel,  for  crude  oil  or  anthracite 
screenings  (below  the  size  of  pea-coal).  In  determining  such  a 
matter,  the  size  of  the  plant  is  of  importance,  and  also  the  ques- 
tion, whether  it  is  to  be  run  continuously^  or  in  the  day-time  only. 
There  are  also  numerous  local  conditions  to  be  considered.  The 
plant  in  this  case  was  required  to  evaporate,  per  hour,  36,000 
pounds  of  water  to  steam  of  80-pounds  pressure.  It  comprised  a 
number  of  tubular  boilers  72  inches  in  diameter,  20  feet  long,  with 
fifly-six  4-inch  steel  tubes,  furnishing  a  heating-surface  of  1388 
square  feet  per  boiler.  The  shell  was  made  of  f-inch  steel ;  the 
heads,  of  J-inch  steel,  were  well  braced.  The  toilers  were  fitted 
with  McClave  grates,  for  hard-coal  firing,  and  ordinary  double  grate- 
bars  for  burning  soft  coal ;  and,  where  oil  was  utilized,  the  grate  was 
covered  with  a  double  layer  of  fire  brick,  and  a  checker- work  of 
fire-brick  was  arranged  across  the  grate,  at  a  distance  of  about  2  feet 
6  inches  from  the  point  of  the  burner.  The  grate-area  was  30 
square  feet.  The  pipe  connecting  the  boiler  with  the  smoke-stack 
was  brick-lined,  and  29  inches  diameter  in  the  clear.  The  boilers 
were  coupled  in  pairs  to  brick-lined  iron  smoke-stacks,  95  feet  high, 
and  47  inches  diameter  in  the  clear.  Unfortunately,  no  means  were 
available  for  determining  the  temperature  of  the  escaping  gases  in  the 
stacks.  Feed-water  was  supplied  to  the  boilers  at  from  68°  to  70° 
Fahr.  In  computing  the  tests,  the  temperature  of  the  feed-water  is 
uniformly  assumed  to  have  been  212°  Fahr.,  and  corresponding 
corrections  were  in  each  case  made.  The  test  lasted  ten  hours. 
This  may  seem  a  very  short  time,  but  as  so  many  contributing 
factors  had  to  be  purely  assumed,  it  was  considered  long  enough  for 
arriving  at  a  conclusion  sufficiently  correct. 

When  firing  coal,  the  grates  were  thoroughly  cleaned  once  during 
the  ten  hours  of  the  test,  precisely  as  would  have  been  the  case  in 
ordinary  practice.  Crude  Lima  oil  was  supplied  under  a  uniform 
pressure  of  20  pounds  per  square  inch,  and  enough  oil  was  fed  to 
fill  the  combustion-chamber  without  unduly  straining  or  crowding 
the  boiler.  The  prices  of  fuel  were  assumed  to  be  :  oil,  2.06  cents 
per  gallon ;  bituminous  coal,  $2.65  per  ton ;  anthracite  screenings 
(all  below  pea),  $1.25  per  ton,  all  delivered  in  the  boiler-house. 
The  test  gave  the  following  figures,  which  were  used  as  the  basis  for 
estimates  of  economy : 
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Perfomumoe  of  72  %nche%  by  240  inches  TSthular  Boiler. 
Fuel. 

Duration  of  test,        .... 

Amount  of  fuel  burned,    . 

Value  of  fuel  burned. 

Total  water  evaporated,    . 

Water  evaporated  per  square  foot  of 
heating-surface  per  hour,  . 

Actual  average  steam-preasurei 

Average  temperature  of  feed- water, .    68  Fahr. 

Equivalent  amount  of  water  evap- 
orated from  212^  Fah.  to  80  lbs. 
steam  per  lb.  ol  fuel, . 

Cost  of  fuel  per  one  lb.  water  evapo- 
raieQ,  •••••• 

Cost  of  fuel  for  evaporating  360,000 

lbs.  of  water  to  80  lbs.  steam,    .    $79  20 


Crude 

Bituminous 

Anthimclte 

oil. 

coal. 

screenings. 

10  hours. 

10  hours. 

10  hours. 

4746  lbs. 

7120  lbs. 

4723  lbs. 

$13.41 

$9.26 

$2  95 

60,913  lbs. 

47,206  lbs. 

22,562  lbs. 

4388  lbs. 

3400  lbs. 

1625  lbs. 

67  lbs. 

65  lbs. 

66  lbs. 

68  Fahr. 

68  Fahr. 

70  Fahr. 

15.15  lbs. 

7.87  lbs. 

5.53  lbs. 

0.0220  ctB. 

0.0196  cts. 

0.0131  cl8. 

$69.56 


$47.16 


As  a  first  conclusion  to  be  drawn  from  these  fignreR,  it  was  shown 
that,  to  evaporate  the  360,000  pounds  of  water  required,  it  would  be 
necessary  to  operate:  with  oil,  6  boilers;  with  bituminous  coal,  8 
boilers;  with  anthracite  screenings,  17  boilers. 

The  number  of  men  and  cost  of  labor  for  operating  this  number 
of  boilers  during  ten  hours  would  be : 

For  oil,  2  water-tenders,      .... 
For  bituminous  coal,  2  water  tenders, 

•*  "  4  firemen. 

For  anthracite  screenings,  4  water-tenders, 

"  "  9  firemen, 

Making  allowances  for  depreciation,  interest,  insurance,  etc.,  in 
pro|K)rtion  to  the  size  of  the  plant  actually  in  use,  the  following  table 
was  constructed : 


Per  day. 

$1.80 

$3.60 

1.80  = 
1.55  — 

$3.60  \ 
6.20  i 

9.80 

1.80  — 
1.55  = 

7.20 ) 
13.95/ 

21.15 

Comparison  of  the  Economical  ReaulU  Obtained  from  the  Use  of 

Different  Fue/a  in  a  Boiler-Plant^  with  an  Evaporative 

Capacity  ofjabout  36,000  Pounds  of  Water  per 

Hour  during  Ten  Hours, 

Fuel.                                                        Crude        Bitumi-  Anthra- 

oil.             nous  ciie 

coal.  ooaL 

Number  of  boilers  in  operation, 6               8  17 

Actual  value  of  fuel  consumed, $79.20        $69.56  $47.16 

Cost  of  labor, 3.60            9.80  21.15 

Depreciation,  interest,  insurance  on  plant  at  15  per  ct.,      9.00          12.00  25.00 

Repairs,  including  grate-bars  (assumed),      .        .        .1.00            2.00  4.00 

ToUl  cost  per  day 92.80          93.36  97.71 
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Besides  the  slight  advantage  which  the  above  table  indicates  for 
the  use  of  oil,  there  are  others^  which  cannot  he  readily  put  in  dol- 
lars and  cents ;  the  principal  being,  that  the  moment  the  steam  is 
not  required,  the  oil  can  be  shut  off,  and  all  waste  of  fuel  stopped. 
In  burning  coal,  steam  is  generated  for  at  least  two  hours  after  the 
machinery  is  stopped  for  the  night,  and  the  fuel  on  the  grates  is 
burnt  for  nothing.  In  spite  of  these  advantages,  it  was  concluded, 
that  there  would  not  be  enough  saved  to  justify  the  construction  of 
tanks  for  the  storage  of  the  oil,  the  installation  of  pumps,  distribut- 
ing-pipes, etc. ;  and  bituminous  coal  was  settled  upon  as  practically 
the  best  fuel  for  the  plant  in  question. 


[Secretary's.  Note. — In  the  foregoing  discussion,  the  word 
''culm"  is  used  in  its  American  sense,  of  anthracite  waste,  consist- 
ing of  fine  coal,  coal-dust  and  dirt.  In  English  usage,  the  term 
is  sometimes  applied  to  all  anthracite.  This  explanation  is  given 
for  the  benefit  of  foreign  readers. — R.  W.  R.] 


THE  UTILIZATION  OF  ANTHBACITE  WASTE  BY 
QA8IFI0ATI0N  IN  PB0DUGEE8. 

BY  W.   H.   BLAUVELT,   PHILADELPHIA,   PA. 
(Glen  Summit  Meeting,  October,  1801.) 

That  the  problem  of  utilizing  anthracite  waste  is  worthy  of  the 
thought  bestowed  upon  it,  may  be  shown  in  few  words.  In  the  year 
1889,  for  instance,  36,408,000  tons  of  coal  were  sent  to  market  from 
the  anthracite  regions  of  Pennsylvania.  According  to  the  report  of 
the  State  Greological  Survey,  the  amount  of  coal  thrown  on  the  dumps 
as  waste,  varies,  with  circumstances,  from  44  to  60  per  cent,  of  that 
shipped  to  market.  The  lower  of  these  figures  represents  15,579,000 
tons  of  waste  for  that  year,  and  it  is  obvious  that  if  this,  or  any  con- 
siderable portion  of  it,  could  have  been  saved,  it  would  have  consti- 
tuted an  important  addition  to  the  fuel*supply  of  the  country.  It 
is  not  surprising,  therefore,  that  so  much  attention  has  been  given  to 
the  utilization  of  this  waste. 

Among  the  many  lines  of  experiment  pursued  with  this  object  in 
view,  the  conversion  of  the  carbon  of  the  culm  into  producer-gas 
seems  at  first  to  promise  the  most  satisfactory  solution  of  the  problem. 
It  is  well  known  that  in  foreign  producer-plants  almost  all  kinds  of 
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combustible  waste  are  converted  into  gas.  Especially  on  the  oonti- 
nent  of  Europe  it  is  not  uncommon  to  find  gas  made  from  turf  or 
peat  containing  a  large  percentage  of  water,  or  from  wet  saw-dast, 
shavings,  or  green  slabs  just  from  the  saw-mill,  and  successfully  ap- 
plied to  high  temperature  work. 

Our  costly  labor  and  cheap  coal  hardly  warrant  (except  in  peculiar 
cases)  our  going  to  such  sources  for  foel ;  but  the  demonstrated  prac- 
ticability of  so  doing  makes  it  natural  to  infer  that  the  finely -divided 
and  impure  state  of  anthracite  culm  would  not  prevent  it  from  being 
a  suitable  material  for  making  gas,  while  its  higher  percentage  of 
carbon  would,  in  the  absence  of  special  technical  disadvantages,  make 
it  economically  superior. 

In  the  old  days  of  the  natural-drafl  producers,  only  the  large 
sizes  of  anthracite  were  used,  and  the  fuel-bed  was  kept  of  a  proper 
thickness  to  insure  an  even  distribution  of  the  air-currents.  When 
a  forced  blast  came  into  use,  the  general  opinion  was  that  the  problem 
of  burning  fine  anthracite  had  been  solved,  and  that  it  would  be 
necessary  only  to  increase  the  pressure  of  the  blast  in  proportion  to 
the  fineness  of  the  coal.  Advocates  of  this  method  pointed  to  the 
blast-furnace  as  a  proof  of  the  correctness  of  their  theory,  forgetting 
that  the  conditions  of  working  were  quite  different  in  the  two  cases, 
and  that  the  successful  use  of  blast  at  higl^  pressure  in  the  former 
by  no  means  proved  its  practicability  in  the  latter. 

Some  time  ago  the  writer  was  interested  in  a  series  of  experiments, 
extending  over  several  months,  with  the  Taylor  gas-producer,  which 
were  conducted  with  the  view  both  of  perfecting  the  details  of  the 
apparatus,  and  of  determining  the  suitability  of  various  fuels  for 
making  producer-gas,  and  the  best  treatment  of  them  in  the  pro- 
ducer. 

The  Taylor  producer  was  chosen  for  this  latter  work,  both  on 
account  of  its  being  free  from  the  defects  of  most  producers,  and 
because  its  design  seemed  to  be  specially  adapted  to  the  gasification 
of  fine  anthracite.  A  solid  circular  plate  taking  the  place  of  the 
ordinary  grate,  and  the  fuel  being  supported  on  a  deep  bed  of 
ashes,  the  fire  can  be  cleaned  with  equal  ease,  without  regard  to 
the  fineness  of  the  fuel. 

But  the  insurmountable  difficulty  is  the  action  of  the  fine  particles 
of  fuel  in  obstructing  the  passage  of  the  air  through  the  fuel-bed.  In 
the  gasification  of  bituminous  coal,  the  size  of  the  coal  makes  little 
or  no  difference,  as  its  coking  keeps  the  fuel-bed  open.  But  in  the 
case  of  anthracite  and  other  non-coking  coals,  the  degree  of  permis- 
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Bible  fineness  is  limited  by  the  tendency  of  the  air-blast  to  choose 
the  easiest  line  of  travel ;  and  when  the  fineness  of  the  coal  is  in- 
creased beyond  a  certain  point,  this  line  will  invariably  be  next  the 
walls  of  the  producer.  The  result  is,  that  while  the  main  body  of 
fuel  remains  comparatively  dead,  combustion  next  the  walls  is  very 
active,  and  the  passage  of  the  gases  is  so  rapid  that  the  carbonic  acid 
formed  by  the  first  combustion  of  the  coal  has  no  time  to  be  reduced 
to  carbonic  oxide.  Thus,  the  gas  produced  is  both  small  in  amount 
and  very  poor  in  quality.  Moreover,  serious  clinkers  are  formed 
by  the  high  temperature,  and  the  producer  soon  becomes  choked. 

By  reducing  both  the  depth  of  the  fuel  and  the  pressure  of  the 
blast,  this  irregular  distribution  of  the  air  can  be  corrected  ;  hut  to 
make  this  remedy  efiective  when  the  finest  anthracite  is  used,  the 
rate  of  combustion  must  be  reduced  to  a  point  where  the  correspond- 
ing increase  in  the  size  of  the  plant  required  makes  its  cost  pro- 
hibitory. 

Experience  shows  that  the  sizes  known  to  the  trade  ad  "  No.  1 
buckwheat"  and  "pea"  are  best  suited  for  use  in  a  producer  with 
forced  blast.  For  in  these  sizes,  the  proportion  between  the  interstices 
and  the  solid  particles  is  such  that  a  fuel-bed  of  sufficient  height  to 
make  a  gas  low  in  carbonic  acid  can  be  carried,  without  causing  irregu- 
larities in  combustion,  under  a  blast-pressure  sufficient  to  insure  a 
satisfactory  rate  of  gas-making. 

Especially  in  the  older  culm-heaps,  there  are  considerable  quanti- 
ties of  buckwheat  or  even  larger-sized  coal  which  could,  doubtless, 
be  recovered  by  washing  and  screening;  but  the  profitableness  of 
this  is  doubtful,  and  depends  upon  local  circumstances. 

Fine  anthracite  can  be  used  in  considerable  quantities  in  a  pro- 
ducer, when  it  is  mixed  with  sufficient  coking  bituminous  coal  to  keep 
the  fuel-bed  open ;  but  it  is  usually  cheaper  to  use  buckwheat  or  pea 
alone,  the  excessive  cost  of  the  soft  coal  in  the  anthracite-regions  more 
than  counterbalancing  the  low  price  of  the  dust.  Moreover,  the  mix- 
ture works  only  indiflerently  well. 

Where  freight-charges  constitute  an  important  proportion  of  the 
cost  of  the  fuels,  the  large  percentage  of  ash  in  the  culm  would  make 
its  economy  very  doubtful  in  comparison  with  well-prepared  buck- 
wheat, even  were  no  difficulties  encountered  in  its  gasification.  A 
series  of  experiments,  conducted  by  the  writer,  in  firing  boilers  with 
the  two  kinds  of  fuel,  clearly  showed  this  to  be  the  case  where  the  two 
sizes  were  used  on  grates  capable  of  handling  both  equally  well. 

fioth  fuels  being  used  under  the  same  boiler,  and  the  water  evap- 
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orated  being  carefully  weighed,  the  opportunity  for  comparison  was 
a  satisfactory  one,  and  the  conclusions  were  definitely  in  favor  of 
the  economy  of  the  larger-sized  and  purer  fuel. 

Although  invention  has  successfully  overcome  the  difficulties  of 
gasifying  the  smaller  sizes  of  prepared  anthracite,  and  such  gas  is 
uned  in  a  variety  of  industries  in  both  high  and  low  temperature  work 
with  entire  satisfaction,  it  seems  clear  that  we  are  as  far  as  ever 
from  the  utilization  of  the  refuse  in  this  way.  The  most  that 
can  be  done  is  to  reduce  the  amount  of  refuse  as  far  as  possible  by  a 
more  thorough  separation  of  the  buckwheat  from  the  culm  ;  lookrag 
to  other  processes  for  the  final  utilization  of  the  remaining  carbon. 


THE  USE  OF  THE  McCLAVE  QB ATE  AND  ARGAND  STEAM- 
BLOWER  IN  UTILIZING  SMALL  SIZES  OF  ANTHRA- 
CITE, OR  Bll  UMINOUS  SLACK  IN  BOILER- 
AND  SIMILAR  FURNACES. 

BY  RUFUS  J.   POSTER,   SCRANTON,  PA 
(Gleo  Summit  Meeting,  October,  vm..) 

During  the  discussion  on  the  Preparation  and  Utilizatioa  of 
Small  Sizes  of  Anthracite  (page  613  of  present  volume),  several  in- 
quiries were  made  concerning  the  use  of  the  McClave  grate,  which 
was  mentioned  by  Mr.  Coxe  as  having  proved  satisfactory  in  the 
generation  of  steam  at  his  collieries,  and  also  at  a  large  number  of 
industrial  establishments  in  Scranton  and  elsewhere.  For  a  more 
satisfactory  reply  to  such  inquiries  than  could  be  furnished  in  the 
oral  discussion,  I  have  prepared  the  following  paper  to  be  included 
in  the  published  proceedings.  And,  as  the  use  of  the  fuel  under 
consideration  necessarily  requires  the  employment  of  a  blower  to 
change  the  fire,  from  a  condition  giving  an  incandescent  radiant  heat 
only  to  one  giving  a  hot  gaseous  flame  as  well,  I  shall  add  a  descrip- 
tion of  the  McClave  Argand  blower  and  its  method  of  action.  The 
grate  and  blower  combine<l  form  a  complete  and  effective  system  for 
burning  small  fuels,  such  as  anthracite  culm,  birdseye,  buckwheat, 
bituminous  slack^  etc.,  in  boiler  and  other  furnaces;  while  the  grate 
alone  is  now  extensively  used  with  the  lai^er  sizes  of  hard  and  soft 
coal  in  furnaces  where  blast  is  not  required. 

Fig.  1  is  a  view  of  the  McClave  grate  as  built  in  two  sections. 
It  is  constructed  on  the  principle  best  approved  by  practice  to  pre- 
vent warping  and  burning  out;  that  is,  it  presents  no  long  lines  of 
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metal  in  contact  with  the  fire.  This  is  further  illustrated  in  Fig.  2, 
which  shows  one  section  of  the  grate,  with  one  journal-bar  removed. 
This  feature  it  poesesBen  in  common  with  some  other  grates,  but  it 
is,  so  far  ae  I  am  aware,  the  only  boiler-furnace  grate  that  operates 
on  the  "  pocket "  principle :  i.  e.,  when  the  grate-bars  are  thrown 
wide  open,  they  form  a  series  of  pockets  to  receive  the  clinkers  and 
ashes,  which  cannot  pass  through  into  the  ash-pit  until  the  bars  have 
been  thrown  back  into  their  normal  position.  A  certain  quantity 
of  clinkers  and  ashes  is  thus,  at  each  cut,  instantly  and  uniformly 
removed  from  the  underside  of  the  fire.  The  cut-off  movement  is 
illustrated  in  Fig.  3. 
The  grate  has  also  a  thorough  shaking-roovemi^nt,  during  which 


McClave  Orate  Complete  in  two  Seclions. 

the  front  ends  of  the  fingers  of  each  bar  remain  equidistant  from  the 
curved  back  of  the  bar  in  front  of  it,  so  that  there  is  at  no  time  an 
increase  in  the  size  of  the  openings.  This  movement  is  well  adapted 
to  the  breaking  up  of  a  soft-coal  fire  when  it  cakes,  since  nothing 
passes  through  into  the  ash-pit  except  the  fine  ash ;  nor  is  it  neces- 
sary to  open  the  fire-doors  during  the  operation.  The  shaking- 
ranveroent  (illustrated  in  Fig,  4}  is  produced  by  vibrating  the  lever 
to  and  fro  between  the  stop  and  the  boiler-front,  while  the  cut-off 
movement  is  accomplished  by  pulling  the  lever  forward  to  its  full 
extent  and  pushing  it  back  again  to  the  stop,  in  all  cases  leaving  the 
stub-lever  resting  against  the  stop  at  the  finish,  ae  this  indicates  when 
the  grate-bars  are  in  their  normal  position.  When  this  grate  is 
nsed  in  connection  with  blast  furnished  by  the  Argand  steam-blower, 
which  keeps  the  clinkers  sofl  and  porous,  a  fine-fuel  fire  of  30  square 
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feet  can  be  cleaned  by  tbis  movement  in  30  secondB,  with  tlie  fire- 
doors  abut. 

Lai^  grates  are  made  up  of  two  or  more  rows  of  bare,  eacb  row 
or  section  of  grate  baving  separate  connections  and  stub-lever,  and 
being  operated  by  itself.  One  socket-baudle  serves  to  operate  all  the 
8tub-levers  successively,  and  two  or  tbree  full  movements  of  each 
row  or  section  are  quite  sufiBcient  to  clean  a  heavy  fire- 
.  The  general  practice  in  stokingsmall  anthracite  fuels,  where  these 
appliances  are  used,  is  to  spread  the  fuel  evenly  over  the  entire  sur- 
face of  the  fire  at  the  same  time,  in  thickness  juat  sufficient  to  fairly 
cover  the  glowing  surface.  This  is  repeated  as  often  as  necessary, 
until  the  bed  has  accumulated  to  a  depth  of  at  least  ten  inches  before 

Fro.  2. 
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cutting  it  down ;  and  when  it  is  cleaned  it  is  not  cut  down  until 
there  is  scarcely  any  fuel  left,  but  the  ashes  and  clinkers  are  simply 
cut  away  from  the  bottom  of  the  bed,  always  leaving  from  4  to  5 
inches  of  fuel  on  the  grate.  After  the  fire  is  cleaned  the  surface  is 
leveled  with  a  rake  or  boe,  and  any  soft  clinkers  or  boulders  which 
may  appear  through  the  surface  are  broken  down  before  putting  on 
fresh  fuel.  The  steam  carried  in  the  blast  generally  produces  boul- 
ders or  lumps,  which  are  often  mistaken  for  clinkers,  but  are,  in  re- 
ality, ooly  lumps  of  fuel  matted  by  the  steam,  and,  if  broken  down 
and  lefl  in  the  fire,  will  be  nearly  all  consumed.  By  following  this 
method,  a  fire  may  be  cleaned  and  fresh  fuel  may  be  put  on  and  ig- 
q\uA  so  quickly  that  the  steam  will  be  kept  at  almost  its  maximum 
pressure  during  the  process. 
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In  all  cases  where  anthracite  cultn  is  ased  an  fuel  it  should  be 
sprinkled  with  water  before  puttiug  it  on  the  fire,  not  enough  to 
make  it  sloppy  and  heavy,  but  just  enough  to  make  the  dust  adhere 
to  the  particles  of  buokwheat.  Anthracite  screeoings  from  the  coal- 
yards  should  be  treated  in  the  same  manner,  and  if  they  have  lain 
out  in  the  weather  for  a  long  time,  it  will  be  found  advantageous  to 
mix  them  with  about  one-fifth  of  their  bulk  of  bituminous  slack 
where  this  is  available.  Many  have  tried  to  burn  this  mixture  with 
other  appliances,  but  in  most  cases  without  success ;  with  this  blast, 
however,  it  makes  an  excellent  fuel. 

Bituminous  slack  alone  is  likewise  spread  as  evenly  as  possible 
when  throwing  on  fresh  fuel,  but  is  put  on  dry ;  and  where  the  blast 

Fio  3. 
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is  used  the  blower  is  shut  off  until  the  volatile  matter  has  been  lib- 
erated; then  the  blower  is  turned  on  again.  In  this  case  the  shaking- 
movement  of  the  grate  is  used  frequently  to  break  up  the  fire  when 
it  cakes;  and  it  is  sometimes  necessary  to  break  up  the  top  crust  and 
level  the  fire  with  a  rake  or  hoe.  In  burning  some  kiuds  of  slack, 
the  cut-off  movement  is  never  used ;  but  for  soft-coal  slack  that  foroie 
clinkers,  it  has  to  be  used  when  the  fire  gets  so  thick  that  the  blast 
will  not  go  through  it  properly.  Where  the  blower  is  used  a  fire  of 
slack  may  be  allowed  to  accumulate  until  it  is  from  12  to  14  inches 
thick  before  it  is  cleaned. 

The  Argand  blower  is  shown  in  Figs.  5  and  6,  which  will  explain 
themselves   to   those  acquainted  with  other  steam-blowers.      The 
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special  merits  of  the  Ai^ntl  blower,  as  claimed  by  maoy  who  are 
using  it  are  aa  follows:  In  the  first  place,  it  furnisbea  a  large 
volume  of  air  with  a  small  amount  of  steam ;  ^[ain,  the  air  and 
et«am  are  thoroughly  mixed  in  the  shell  or  case  of  the  blower  before 
the  blast  is  delivered  into  the  ash-pit,  and  it  makes  but  very  little 
noise  during  operation,  a  feature  fully  appreciated  by  firemen.  At 
a  comparative  test  of  six  different  kinds  of  ateam-jet  blowers  recently 
made  at  Pine  Brook  ooUii^ry,  Scranton,  Pa.,  it  wss  shown  that  the 
Argand  blower  inducted  with  the  same  quantity  of  steam,  nearly 
twice  as  many  cubic  feet  of  air  per  minute,  as  any  other  blower  rep- 
resented in  the  trial,  and  more  than  twice  as  many  cubic  feet  as  some 
of  its  competitors. 

FiQ.  4. 


McClave  Grate — Shaking  Movement. 

It  is  now  conceded  by  nearly  all  mechanical  engineers  who  have 
given  the  subject  special  attention,  that  a  blast  furnished  by  nnder- 
grate  blowers  is  better  adapted  to  burn  small  fuels,  such  as  buck- 
wheat, birdseye,  culm,  slack,  etc.,  than  either  a  strong  natural 
draught,  or  a  draught  produced  by  a  jet  or  jets  in  the  stack.  Both 
of  the  latter  methods  so  relieve  the  pressure  on  the  upper  surface  of 
the  fire,  that  the  unconsumed  gases  escape  into  the  stack  before  they 
have  time  to  ignite;  and  as  a  boiler,  in  common  with  many  other 
things,  can  be  heated  more  effectively  by  a  hot  gaseous  flame  envel- 
oping its  entire  heating-surface,  than  by  an  intense,  radiant  heat, 
emitted  by  incandescent  carbon  against  a  small  portion  of  that  sur- 
face only,  this  defect  in  the  methods  named  is  readily  seen.  Many 
resort  to  the  use  of  an  under-grate  fan-blast  as  a  remedy,  since  in 
this  way  the  gases  can  be  held  back  by  the  damper  until  they  have 
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time  to  ignite  and  deliver  up  their  heat-value,  provided  always  that 
there  is  plenty  of  oxygen  present  to  support  their  combustion.  This 
method  is,  in  my  opinion,  a  step  in  the  right  direction,  and  towards 
economy  in  combustion  for  the  purpose  under  consideration.  But  if 
it  is  taken  into  account  that  when  a  fan-blast  is  strong  enough  to 
furnish  oxygen  in  snfficient  quantity  at  the  top  of  the  fire  to  burn 
even  a  portion  of  the  carbonic  oxide  produced  by  conversion,  a  vast 
quantity  of  nitrogen  has  also  passed  through  the  fire,  which  acts  as 
a  diluent,  or  in  other  words,  an  atworbent  of  heat,  and  that  only  a 
portion  of  the  oxide  formed  in  the  fire  can  be  reached  by  the  oxygen 
in  time  to  burn  it ;  then  the  apparent  gain  by  this  method  is  materi- 
'  ally  lessened. 

FiQ.  5.  Fio.  6, 


FlO.  6.— Ai^nd  Steam -Blower. 

FlO.  6. — Section  of  Furnace,  showing  Operation  of  Argand  Steam- Blower. 

The  device,  therefore,  of  a  combined  air-  and  steam-blast,  has 
gradually  grown  into  favor,  on  account  of  the  chemical  and  me- 
chanical eBect  of  the  steam  on  the  fire ;  and  many  different  kinds  of 
steam-jet  blowers  have  from  time  to  time  been  placed  on  the  market 
for  this  purpose.  It  was  soon  discovered,  however,  that  the  majority 
of  these  blowers  furnished  by  far  too  much  steam;  for  it  is  a  well- 
established  fact,  that  while  a  small  quantity  of  steam  Is  a  valuable 
constituent  in  the  blast,  an  excess  of  steam  defeats  the  very  purpose 
for  which  it  was  intended ;  first,  by  furnishing  an  iosufficient  supply 
of  air,  with  carbonic  oxide  as  a  resultant,  the  heat  evolved  being 
about  one-third  of  that  obtained  by  complete  combustion ;  second,  by 
overtaxing  the  decomposing  power  of  the  fire  with  too  large  a  quan- 
tity of  steam,  which  passes  through  the  fire  simply  as  steam,  thereby 
lowering  the  temperature  of  the  gases  above  the  fire  in  many  cases 
below  the  point  of  ignition,  or,  if  the  temperature  is  not  reduced  to 
that  degree,  a  volume  of  vaporous  flame  of  low  temperature  is  the 
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result,  due  to  the  mechanical  mixing  of  the  steam  with  the  burning 
gas  as  it  passes  back  under  the  boiler ;  nearly  the  entire  product  of 
the  fire-bed  in  such  a  case  being  carbonic  oxide,  with  but  a  small 
quantity  of  available  oxygen  present  to  combine  with  it  above  the 
fire. 

It  is  claimed,  however,  that  the  chemical  effect  of  a  moderate 
quantity  of  steam  is  to  furnish  oxygen  by  dissociation  at  the  proper 
point  or  stratum  in  the  fire,  to  partially  prevent  the  production  of 
carbonic  oxide,  by  conversion  from  carbonic  acid  gas  in  its  passage 
through  the  glowing  carbon  in  the  upper  zone  of  the  fire ;  and  alao 
to  help  consume  the  carbonic  oxide  that  will  be  formed ;  for  it  should 
be  borne  in  mind  that  heat  is  always  absorbed  in  the  production  of 
carbonic  oxide  by  conversion  (reduction) ;  and  it  should  also  be  kept 
in  view,  that  the  oxide  formed  in  this  manner  must  pass  off  uncon- 
sumed,  thus  wasting  its  heat-value,  unless  oxygen  is  furnished  to 
combine  with  it. 

The  hydrogen  set  free  by  the  dissociation  of  the  steam,  or  at  least 
a  large  portion  of  it,  will  also  be  consumed  by  coming  in  contact 
with  oxygen  at  a  lower  temperature  tlian  the  point  of  dissociation, 
for  in  addition  to  the  oxygen  that  has  passed  through  the  fire  without 
combining,  there  is  always  an  admission  of  some  air  around  the  fire- 
doors,  and  also  through  the  ventilators  in  the  doors. 

What  is  required,  therefore,  for  boiler-furnaces,  and  other  furnaces 
of  a  similar  nature,  is  neither  a  radiant  heat  under  a  small  portion 
of  the  heating  surface,  nor  a  draught  produced  by  a  jet  or  jets  in  the 
stack,  nor  yet  a,  forced  draught  under  the  grate  that  will  turn  the 
fire  into  a  gas-producer  pure  and  simple,  which  gives  only  one-third 
of  the  heat-value  of  the  fuel ;  but  rather  a  happy  medium  between 
extremes,  that  will  produce  a  sufficient  volume  of  gas,  and  furnish 
oxygen  at  the  proper  point  to  burn  it ;  getting  thereby,  not  only 
better  combustion,  but  also  flame  enough  at  a  high  temperature  to 
envelop  the  entire  heating-surface  of  the  boiler,  maintaining  at  the 
same  time  a  high  temperature  in  the  bed  of  the  fuel,  thereby  secur- 
ing an  intense  radiant  heat  as  well. 

The  mechanical  effect  of  the  steam  is  that  it  keeps  the  clinkers 
soft  and  porous,  so  that  the  blast  will  readily  pass  up  through  the 
entire  bed  of  fuel  uniformly  instead  of  being  forced  to  pass  between 
solid«clinkers  wherever  it  can  find  an  opening,  thus  producing  what 
are  generally  termed  "  forge-flames "  under  the  boiler.  This  is 
usually  the  case  with  a  fan-blast,  for  an  all  air  blast  tends  to  form 
the  clinkers  into  compact  slabs  through  which  the  air  cannot  pass. 
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Another  mechanical  effect  of  the  steam  is  that  it  moistens  the  fine 
ashes  from  the  grate  upward  as  fast  as  they  are  made.  This  serves 
to  knit  them  together  and  hold  them  in  the  strata  in  which  they 
were  produced  instead  of  permitting  them  to  be  blown  up  into  the 
burning  surface  to  choke  it  by  filling  up  the  interstices  between  the 
particles  of  fuel. 

While  fully  aware  of  the  fact  that  heat  is  absorbed  in  the  decom- 
position of  steam,  yet  I  think  the  practical  results  obtained  by  the 
use  of  this  blower  warrant  the  conclusion  that  the  heat  absorbed 
is  far  more  than  compensated  for  by  the  beneficial  results  obtained, 
and  that  a  properly  constructed  steam-jet,  under-grate  blower  that 
will  induct  a  large  volume  of  air  with  the  use  of  a  small  amount  of 
steam  will,  everything  considered,  furnish  a  better  blast  for  the  pur- 
pose indicated  than  any  other  means  that  has  yet  been  employed. 

A  simple  yet  very  important  feature  of  successful  practice  in  burn- 
ing fine  fuels,  where  the  Argand  blowers  are  used  to  furnish  blast, 
is  to  close  the  damper  in  the  chimney  or  stack  just  so  that  the  burn- 
ing gases  will  not  blow  out  through  the  fire  doorway- when  the  door 
is  opened.  As  already  observed,  where  there  is  a  strong  chimney- 
draught  in  connection  with  under-grate  blowers,  a  large  percentage 
of  the  gases  escapes  without  igniting.  The  damper  should,  there- 
fore, be  so  regulated  that  the  largest  possible  volume  of  gaseous 
fiame  may  be  produced  in  the  furnace.  Where  the  chimney-draught 
is  weak  it  may  be  necessary  to  keep  the  damper  wide  open,  but  in 
the  majority  of  cases  it  will  be  found  not  only  beneficial,  but  abso- 
lutely essential  to  close  the  damper  to  the  extent  described  in  order 
to  obtain  the  best  results. 

Discussion. 

R.  W.  Raymond,  New  York  City :  Mr.  Foster's  statement  of 
the  chemical  and  mechanical  action  of  steam  in  an  under-grate  blast 
seems  to  me  liable  to  misunderstanding,  although  it  does  not,  when 
properly  construed,  involve,  so  far  as  I  can  see,  any  erroneous  the- 
ory. A  brief  additional  summary  of  the  facts  and  principles  in- 
volved is  offered,  therefore,  rather  in  confirmation  than  in  contradic- 
tion of  the  main  argument,  with  which  I  fully  agree.  But  the 
extent  of  popular  error  concerning  the  calorific  relations  of  the  steam- 
jet  in  such  appliances  seems  to  call  for  very  careful  statements  of  the 
theory. 

1.  No  possible  use  of  steam  can  cause  a  gain  of  heat.  If  steam 
be  introduced  into  a  bed  of  incandescent  carbon  it  is  decomposed 
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into  hydrogen  and  oxygen.  This  is  not  dissociation ;  and  the  tern- 
peratare  of  dissociation,  i,  e.y  the  temperature  at  which  hydrogen  and 
oxygen  would  separate  without  the  presence  of  carbon,  or  would,  if 
separate,  exist  side  by  side  without  uniting,  is  not  produced  in  ordi- 
nary combustion  without  the  use  of  r^enerators. 

2.  The  heat  absorbed  by  the  reduction  of  one  pound  of  steam  to 
hydrogen  is  much  greater  in  amount  than  the  heat  generated  by  the 
union  of  the  oxygen  thus  set  free  with  carbon,  forming  either  car* 
bonic  oxide  or  carbonic  acid.  Consequently,  the  effect  of  steam 
alone  upon  a  bed  of  incandescent  fuel  is  to  chill  it,  as  all  water-gas 
experts  are  aware.  In  every  water-gas  apparatus,  designed  to  produce 
by  means  of  the  decomposition  of  steam  a  fuel-gas  relatively  free 
from  nitrogen,  the  loss  of  heat  in  the  producer  must  be  compensated 
by  some  reheating  device. 

3.  This  loss  may  be  recovered  if  the  hydrogen  of  the  steam  is 
subsequently  burned,  to  form  steam  again.  Such  a  combustion  of 
the  hydrogen  is  contemplated,  in  the  case  of  fuel-gas,  as  secured  in 
the  subsequent  use  of  that  gas.  In  boiler-furnaces,  such  as  we  are 
now  considering,  it  must  be  secured,  if  at  all,  before  the  flame 
escapes  from  contact  with  the  boiler;  and  in  the  steam-jet  under- 
grate  blowers  it  is  sought  to  secure  the  object  by  supplying  with  the 
steam  air  enough  to  furnish  surplus  oxygen  on  the  upper  side  of  the 
fuel-bed,  at  which  point  both  carbonic  oxide  and  hydrogen  are  to  be 
oxidized.  Assuming  this  oxidation  to  be  complete  as  r^ards  the 
hydrogen,  the  use  of  steam  will  thus  have  caused  neither  gain  nor 
loss  of  heat,  but  a  simple  transference,  the  heat  absorbed  by  steam- 
decomposition  on  the  lower  side  of  the  fire  being  restored  by  hydro- 
gen-combustion on  the  up|)er  side.  In  practice,  it  may  be  doubted 
whether  this  restoration  is  ever  complete.  But  it  is  certain  that  an 
excess  of  steam  would  defeat  the  reaction  altogether,  and  that  there 
must  be  a  certain  proportion  of  steam,  which  permits  the  realization 
of  important  advantages,  without  too  great  a  net  loss  in  heat. 

4.  The  advantage  to  be  secured  consists,  in  my  judgment,  princi- 
pally in  the  transfer  of  heat  from  the  lower  side  of  the  fire,  where  it 
is  not  wanted,  to  the  upper  side,  where  it  is  wanted.  The  decompo- 
sition of  the  steam  below  cools  the  fuel  and  the  grate-bars,  whereas 
a  blast  of  air  alone  would  produce,  at  that  point,  intense  combustion 
(forming  at  first  CO2),  to  the  injury  of  the  grate,  the  fusion  of  part 
of  the  fuel,  etc. 

5.  The  ^ijDportion  of  steam  most  economical  is  not  easily  deter- 
mined.    The  temperature  of  the  steam  itself,  the  nature  of  the  fuel- 
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mixture,  and  the  use  or  non*use  of  auxiliary  air-supply,  introduced, 
as  in  the  Boetius  and  other  furnaoesi  into  the  gases  above  or  beyond 
the  fire-bed,  are  factors  affecting  the  problem.  But  in  the  case  be- 
fore us  the  desideratum  has  not  been  to  realize  the  utmost  theoreti- 
cal calorific  effect  from*  fine  fuels,  but  to  burn  them  with  practical 
success  at  all.     I  do  not  understand  it  to  be  claimed  for  any  grate  or  ^ 

blower  that  it  will  get  as  much  out  of  these  fine  fuels  as  out  of  an 
equal  weight  of  coarser  sizes.  And  the  combined  apparatus  described 
by  Mr.  Foster  appears  to  be  an  excellent  solution  of  the  general 
problem,  calculated  to  operate  smoothly  in  everyday  pmctice,  and 
to  secure  as  high  a  degree  of  effective  economy  as  could  be  reason- 
ably expected  under  the  circumstances. 


CENTRIFUGAL  VENTILATORS, 

BY  R.   VAN  A.    NORRIS,   WILKES-BARRE^  PA. 
(Glen  Summit  Meeting,  October,  1891.) 

Although  mechanical  appliances  for  the  ventilation  of  mines 
have  been  known  since  very  early  times  (one  being  mentioned  in 
Agricola's  De  Re  MetaUicay  1657),  it  is  only  within  the  last  forty 
years  that  such  appliances  have  been  generally  used.  A  great  num- 
ber of  different  ventilators  have  been  invented  and  used,  but  the 
various  forms  of  centrifugal  machines  having  proved  their  efficiency, 
have  now  almost  completely  replaced  all  others.  Most  if  not  all  of 
the  machines  in  use  in  this  country  are  of  this  class,  being  either 
open-periphery  fans,  or  closed,  with  chimney  and  spiral  casing,  of  a 
more  or  less  modified  Guibai  type.  The  theory  of  such  machines 
has  been  demonstrated  by  Mr.  Daniel  Murgue  in  Theories  and 
Practice  of  Centrifugal  Ventilating  Machines,  translated  by  A.  L. 
Steavenson.     His  statement  may  be  condensed  thus  : 

Let  a  =  orifice  in  a  thin  plate,  of  such  area  that  its  resistance  to 
the  passage  of  a  given  quantity  of  air  equals  the  resist- 
ance of  the  mine, 
o  =  orifice  in  a  thin  plate  of  such  area  that  its  resistance  to 
the  passage  of  a  given  quantity  of  air  equals  that  of  the 
machine. 
Q  =  quantity  of  air  passing  in  cubic  feet  per  minute. 
V  =  velocity  of  air  passing  through  a. 
Vq  =  velocity  of  air  passing  through  o. 
h  =•  head  in  feet  air-column  to  produce  velocity  V. 
Aq  =  head  in  feet  air-column  to  produce  velocity  T^. 
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Q  =  OMaV.  V=V2gh. 

Q  =  0,65aV2^,     .        .        .        (1). 

a  = ^^ =  equivalent  orifice  of  mine, 

0M\/2gh        ^  .  ' 

or,  reducing  to  water-gauge  in  inches  and  quantity  in  thousands  of 
feet  per  minute : 

.403  0 
a=  ^ 


VWg' 

Q  =  0.65oV2gh^    .        .        .        (2). 


N0.6i 


^         =  equivalent  orifice  of  machine. 


M^h,2g 

The  total  theoretical  depression  Hy  which  any  centrifugal  ven- 
tilator can  produce,  is  the  algebraic  sum  of  the  following  de- 
pressions caused  by  its  motion : 

1st.  The  depression,  A^,  due  to  the  speed,  F^,  to  which  the  motion- 
less air  is  brought  and  with  which  it  traverses  the  fan-intake, 

Ai  =  —  g-,  .        .         .         (3). 

2d.  The  depression,  A,,  due  to  the  slowing  of  the  air  from  its 
entrance  to  its  exit  in  the  expanding  spaces  between  the  blades, 
entering  at  a  speed,  T^,  and  leaving  at  a  speed,  T^, 

yi     yi 

But  the  speed  of  entry,  T^,  is  the  resultant  of  V^  and  a  speed  equal  and 
opposite  to  the  tangential  speed  i  of  the  inner  edges  of  the  blades 
whence  V^  =  V^  +  e  and 

y%      ^      pa 

''^""2^^2^~'2^-    •         •         •         (^^• 
3d.  The  depression  A3,  due  to  centrifugal  force, 

^^2^"V        '         *         *         ^^^' 

where  T  ^^  tangential  speed  of  periphery,  and 

t  =  tangential  speed  of  inner  edges  of  blades. 
This  value  of  A,  may  be  deduced  as  follows : 
Let  X  =  distance  from  center  of  fan  of  a  prismatic  volume  pf  air 
between  two  blades. 
dx  =  height  of  prismatic  column. 


CENTRIFUGAL  VENTILATORS.  639 

S  =  base  of  column. 
JD  =  density. 

w  =  angular  velocity  of  rotation. 
r  =  radius  of  inside  edges  of  blades. 
R  =  radius  of  tips  of  blades. 
dF  =  centrifugal  force  of  rotation. 

8dxD                        ,-,      8dxD  , 
Mass  = ,  dF  = at\c 

9  9 

Increase  in  depression  from  one  surface  to  another  is  obtained  by 
dividing  by  8y  and  dividing  again  by  D  to  get  depression  in  feet  of 

air-column. 

_,        u?xdx 
dh^=—~, 

integrating  between  R  and  r  .* 

*B  tt^ocdx 


7^^=/ 


4th.  The  depression  h^  due  to  the  expanding  chimney : 

V^  =  speed  of  air  at  bottom. 
Fj  =  speed  of  air  at  top. 

and  as  T^  is  the  resultant  of  the  tangential  speed  T  and  the  speed  T^, 

F;=r+F,'-2rr,co8a, 

if  a  =  angle  at  which  tips  of  blades  strike  the  circamference, 

'^*-2^  +  2^  -g  V  •        ^^^• 

and  H=^+A,  +  ^  +  A,  =  ~-^^^^"-g.      (9). 

If  we  make  the  tips  of  the  Jblades  radial,  a  =  90®,  cos  a  =  0, 

TT -^  '^B 

9       V 

and  if  the  velocity  at  the  top  of  the  chimney  is  small  enough  to  be 
neglected,  or  V^  =r=  0, 

H=-,    .        .        .        .        (10). 
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Henoe :  ITie  theoretiocU  depression  which  ean  be  pradiioed  by  any 
centrifugal  ventilaior  is  double  that  due  to  its  tangential  speed. 

n,=h,  +  K  +  K=^^-^^ 

16  the  expression  for  the  theoretical  depression  which  can  be  pro- 
duced by  an  uncovered  ventilator;  this  reaches  a  maximum  when 
the  air  leaves  the  blades  without  speed,  that  is,  v^  ==  0. 

/ji  =  2~>     •         •         •        •         (*!)• 

Hence :  The  theoretical  depression  which  can  be  produced  by  any 
uncovered  ventilaior  is  equal  to  the  height  due  to  its  tangential  speedy 
and  one-half  that  which  can  be  produced  by  a  covered  ventilator  wUh 
expanding  chimney. 

As  the  theoretical  depression,  f/,can  never  be  actually  attained,  we 
can  substitute  for  iUthe  depression  //j,  letting  C=coefl5cient  of  re- 
duction, whence  H^=  CH;  and  as  theeiTective  depression,  A,  is  this 
quantity  less  the  depression  h^  absorbed  in  the  machine  itself,  we 
have 

CH=H^  =  h  +  h^;  and  A  =  ^j  — V 

From  (l)and  (2): 


Q  =  .65  a}/2gh, 
Q  =  .65ol/2^ 


we  have 


*o  =  *--i 


An      a' 


"0 


h       o" 


(12). 


//.    _       CT' 


'+?  4^^'?} 


(12)  and  (13)  being  expressions  for  the  yield  and  depression  pro- 
duced by  any  machine  when  its  equivalent  orifice,  the  equivalent 
orifice  of  the  mine,  and  its  coefficient  of  reduction  C  are  known. 
From  these  it  follows  that  so  long  as  the  condition  of  the  mine  re- 
mains constant : 
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The  volume  produced  by  any  ventilator  varies  direcUy  as  the  speed 
of  rotation. 

The  depression  produced  by  any  ventilator  varies  as  the  square  of 
the  speed  of  rotation. 

As  the  resistance  decreases,  a  increases,  and  for  the  same  tangential 
speed  with  decreased  resistance  the  quantity  of  air  increases  and  the 
depression  diminishes. 

An  attempt  has  been  made  to  test  experimentally  the  effect,  on  the 
eiSciency  of  fans  in  actual  use,  of  modifications  in  the  design  of 
their  various  parts  and  in  the  condition  of  the  mines ;  and  through 
the  courtesy  of  the  managers,  engineers,  and  superintendents  of  a 
number  of  coal  companies,  the  results  of  tests  of  a  number  of  fans 
shown  in  the  accompanying  table  (pages  642  and  643),  with  diagrams 
of  the  fans  giving  them,  have  been  obtained. 

Fan  No.  1,  shown  in  Fig.  1,  is  in  use  for  ventilating  part  of  the 
No.  4  slope  workings  of  the  Susquehanna  Coal  Company  at  Nanti- 
coke,  Pa.  This  is  in  effect  two  fans,  working  side  by  side  on  dif- 
ferent shafts.  Each  fan  is  20  feet  in  diameter,  having  eight  blades 
with  curved  iron  inside  to  let  the  air  enter  at  the  proper  angle,  the 
tips  of  the  blades,  however,  being  curved  backward  until  they  are 
tangent  to  the  circumference  (instead  of  normal,  as  theory  would 
seem  to  require).  Each  fan  has  two  side-openings,  8  feet  10  inches 
in  diameter,  for  the  entrance  of  air,  and  a  disk  of  sheet-iron  7  feet 
in  diameter  in  the  center.  They  are  on  separate  shafts,  each  driven 
by  a  24-inch  8-ply  rubber  belt  on  a  6-foot  pulley.  The  engines  are 
a  pair  of  20-inch  by  36-inch,  driving  two  12-foot  pulleys  on  the 
same  shaft.  The  eccentricity  of  the  spiral  casing,  as  shown  in  the 
diagram,  Fig.  1,  is  very  great,  being  nearly  one-half  the  diameter  of 
the  fan.  The  spiral  begins  slightly  above  the  center  at  such  a  point 
that  the  space  between  two  blades  hi  least  is  always  cut  off  to  prevent 
re-entries  of  air,  and  from  this  point  it  is  designed  to  allow  each 
blade  to  deliver  air  continually  and  freely  throughout  its  revolution, 
the  entire  body  of  air  being  swept  along  and  increasing  at  each  point 
in  the  spiral.  Each  fan  is  provided  with  a  sliding  shutter  to  regu- 
late the  area  of  the  outlet. 

The  two  fans  working  together  were  tested  in  April,  1891  (Ex- 
periments A,  B,  D,  E  in  the  table),  at  speeds  varying  from  84  to  123 
revolutions.  The  power  of  the  engines  in  each  experiment  was  ob- 
tained from  the  average  of  twenty  indicator  cards,  taken  five  from 
each  end  of  each  cylinder  with  two  Tabor  indicators,  at  intervals  of 
about  two  minutes,  while  the  air  was  being  measured.    The  air-way 
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back  of  the  fan  was  divided  by  fine  wires  into  four  portions,  and  a 
two-minute  measurement  of  air  was  taken  in  each,  the  anemometer 
being  moved  backward  and  forward  over  the  whole  space  of  each 
portion  to  obtain,  as  nearly  as  possible,  the  true  average  velocity. 
The  quantity  of  air  passing  was  calculated  from  the  average  of  the 
four  measurements,  making  allowance  in  the  area  of  the  passage 
for  the  space  occupied  by  the  men  engaged  in  taking  the  measure* 
ments. 

With  a  view  of  determining  the  advantage,  if  any,  of  the  double 
arrangement  of  fans,  the  belt  of  the  right-hand  fan  was  removed, 
and  the  top  of  its  chimney  closed  as  tightly  as  possible,  and  ezperi- 
ments  were  made  on  the  left-hand  fan  alone,  driven  by  the  same 
engines,  with  the  result  of  showing  only  about  one-half  the  efficiency 
attained  by  the  two  fans  running  tc^ther,  the  single  fan  requiring 
195  indicated  horse-power  to  exhaust  275,000  cubic  feet  of  air  at  2- 
inch  water-gauge,  while  the  two  together  required  but  155^  indicated 
horse-power  for  337,000  cubic  feet  at  2}-inch  water-gauge;  the  two 
showing  a  maximum  efficiency  of  85^  per  cent.,  and  the  single  fan 
but  44^  per  cent.  The  single  fan  was  evidently  overloaded  with 
air,  as  it  was  passing  nearly  40  per  cent,  more  than  the  cubical  con- 
tents of  its  blades  per  revolution,  and  a  very  large  amount  of  power 
must  have  been  absorbed  by  its  internal  friction.  Moreover,  the 
shutter  was  regulated  for  the  double  fans,  and  its  opening  was  too 
small  for  the  single  fan. 

The  very  high  efficiency  recorded  for  the  double  fan  led  to  the 
expression  of  considerable  doubt  as  to  the  accuracy  of  these  experi- 
ments, and  in  August  the  fan  was  again  tested  (Experiment  C  in  the 
table),  running  at  the  same  speed  (100  revolutions),  at  which  it  had 
before  shown  its  maximum  efficiency.  In  the  time  that  had  elapsed 
there  had  been  considerable  changes  in  the  mine,  and  neither  the 
water-gauge  nor  the  quantity  of  air  was  found  the  same  as  in  April. 
This  time  the  air-measurements  were  made  in  the  mine  at  the  foot  of 
the  13  X  18  feet  upcast-shafl.  The  double  fan  was  found  to  be 
giving  298,000  cubic  feet  of  air  with  a  water-gauge  of  2-^  inches, 
while  the  engines  indicated  143^^  horse-power  (averaged  as  before 
on  twenty  cards) ;  the  fans  again  showing,  under  changed  conditions, 
an  efficiency  of  85yJ^  per  cent, — a  very  satisfactory  check  on  the 
first  observations. 

The  first  four  experiments  (A,  B,  D,  E)  show  a  good  experimental 
verification  of  the  law  that  the  water-guage  varies  as  the  square  of 
the  tangential  velocity,  the  values  of 
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-J—  being  for  experiment  A  .000000059 

B. 000000063 
D. 000000069 
£.000000060 

Showing  a  variation  of  only  one  hundredth-millionth  part. 

Fan  No.  2  is  a  20-foot  single  fan,  ventilating  the  Sosqaehanna 
Coal  Company's  No.  6  slope  workings  at  Glen  Lyon,  Pa.  It  is 
similar  in  oonstraction  to  one  of  the  double  fans  shown  in  Fig.  1, 
but  without  shutter  or  central  disk.  The  curved  sheet-iron  on  the 
inside  of  the  blades  is  also  omitted,  and  these  have  their  tips  curved 
forward  instead  of  backward,  their  shape  being  as  shown  in  Fig.  2. 
The  fan  i^  driven  by  two  16  x  24Hnch  engines,  connected  direct  to 
either  end  of  the  fan-shaft. 

This  fan  is  doing  the  poorest  work  of  all  the  Susquehanna  Goal 
Company's  fans  hitherto  tested.  The  air-ways  in  the  mine  are  small, 
and  very  little  air  is  needed ;  but  the  fan  shows  the  unusual  quality 
of  attaining  a  higher  efficiency  at  3700  feet  periphery-^peed  than  at 
5200.  This  anomaly  is  doubtless  due,  in  a  measure,  to  the  engines, 
the  valves  of  which  were  out  of  place  at  the  time  of  the  test,  both 
giving  very  poor  cards,  especially  at  the  higher  speeds.  In  one  en- 
gine, the  back  pressure  was  nearly  equal  to  the  mean  effective  pres- 
sure. The  low  efficiency  may  also  be  due  to  the  absence  of  shutter 
and  disk,  or,  possibly,  to  some  trouble  in  the  mine. 

Fan  No.  3  (Fig.  2)  is  a  25- foot  fan,  similar  in  general  construc- 
tion to  Fig.  2,  except  that  it  has  but  one  inlet.  The  chimney,  also, 
is  differently  arranged,  coming  out  at  an  angle  of  about  40^  from 
the  bottom,  and  having  a  shutter  working  through  the  upper  part 
of  the  inclined  chimney-structure.  This  fan,  which  ventilates  the 
Susquehanna  Coal  Company's  No.  2  shaft,  Ross  Seam  workings,  at 
Nanticoke,  Pa.,  was  tested  at  two  speeds,  40  and  70  revolutions  per 
minute.  At  the  first  of  these,  the  fan  was  evidently  moving  too 
slowly  for  efficient  work,  though  the  49f\j-  per  cent,  efficiency  re- 
ported for  fan  and  engine  was  rather  due  to  the  engine  than  to  the 
fan,  since  a  24  x  32-inch  engine,  running  at  40  revolutions  and  indi- 
cating only  13.82  horse-power,  must  consume  a  considerable  portion 
of  that  in  its  own  friction.  That  this  was  the  trouble  is  further 
proved  by  the  fact  that  at  70  revolutions,  when  the  engine  was  de- 
veloping 67^  horse-power,  the  efficiency  of  fan  and  engine  increased 
to  over  82  per  cent.,  making  the  fan,  at  this  speed,  nearly  as  efficient 
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sa  the  double  fan,  No.  1,  at  its  maximum^  and  more  efficient  than 
that  fan  at  the  same  peripherj-speed. 

The  seam  which  this  fan  ventilates  is  thin,  and  the  workings  are 
very  much  "  gobbed  up,"  and  the  fan  is  notable  as  the  only  American 
fan  reported,  ventilating  a  thin  seam  with  an  efficiency  over  70  per 
cent.  The  air-measurements  for  this  fan  were  made  in  the  mine,  near 
the  foot  of  the  air-shaft. 

Fan  No.  4,  a  25-foot  single  fan,  ventilating  the  Lee  Seam  work- 
ings. No.  2  shaft,  Susquehanna  Coal  Company,  at  Nanticoke,  Pa.,  is 
one  of  the  oldest  25-foot  fans  in  the  possession  of  that  company.  Its 
construction  is  similar  to  that  shown  in  Fig.  2,  but  it  has  only  one 
side-opening,  and  the  blades  are  flat,  forming  an  angle  of  45^  with  the 
radius.  The  fan  was  so  old,  that  it  was  not  considered  safe  to  speed 
it  beyond  its  regular  rate.  The  air-ways  in  this  mine  are  very  large 
and  clear,  as  evinced  by  its  equivalent  orifice,  75  square  feet,  and  by 
the  large  quantity  of  air  and  low  water-gauge.  The  efficiency  of  this 
fan,  nearly  82  per  cent.,  at  so  low  a  periphery-speed  as  4867  feet, 
seems  to  indicate  that,  in  this  case  at  least,  flat  blades  are  no  great 
disadvantage. 

The  air-measurements  were  taken  in  the  mine,  and,  as  in  all  the 
Susquehanna  experiments,  the  water-gauge  was  taken  at  the  fan- 
house  door,  and  the  power  of  the  engine  from  the  average  of  a  num- 
ber of  Tabor  iudicator-cards. 

Ian  No.  5  (Fig.  3)  is  a  double  17J-foot  fan,  ventilating  the  Balti- 
more tunnel  workings  of  the  Delaware  and  Hudson  Canal  Company. 
The  two  fans,  each  4  feet  broad,  are  driven  on  the  same  shaft  by  a 
single  belt  from  a  pair  of  16  x  30-inch  engines.  The  construction  is 
remarkable  for  the  shape  of  the  ivasie  chimney,  and  for  the  very 
small  breadth  of  the  fans.  The  fans  have  neither  shutter  nor  disc, 
and  the  blades  are  flat,  bent  back  45^  from  the  radius. 

This  fan  was  tested  in  1881 ;  and  the  figures  given  in  the  table 
are  from  the  mine-inspector's  report  for  that  year.  No  indicator  was 
obtainable,  and  the  horse-power  was  approximated  by  changing  the 
pressure  in  the  boilers,  .running  with  the  throttle- valve  full  open, 
and  assuming  75  per  cent,  of  the  gauge-pressure  as  the  mean  effective 
pressure.  This,  judging  by  cards  taken  from  a  number  of  similar 
engines,  was  very  nearly  correct,  probably  better  for  the  higher  than 
for  the  lower  powers. 

Fan  No.  6  (Fig.  4)  having  18  feet  diameter  and  6  feet  4  inches 
width  appears  to  be  enshrouded  in  a  true  but  small  spiral,  and  to 
have  only  an  apology  for  an  evasei  chimney,  and  it  is  remark- 
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able  that  it  should  give  as  good  a  result  as  seems  to  have  been  the 
oase. 

Fan  No.  7  (Fig.  5)  18  feet  in  diameter  and  5  feet  wide,  venti^ 
lating  part  of  the  Cameron  Colliery  of  the  Mineral  railroad  and 
Mining  Company,  Shamokin^  Pa,,  is  similar  in  construction  to  No. 
6,  but  with  a  good  chimney.  It  passes  so  small  a  quantity  of  air 
that  we  may  infer  that  the  opening  into  the  chimney  is  probably 
much  too  large,  causing  re-entries  of  air  and  lowering  the  efficiency 
of  the  machine. 


Fig.  4. 


Scale  H  in.  to  the  foot. 


Shaft 

10-x^ 

218  ft.  deep 
Fan  of  the  Union  Coal  Company's  Pennsylvania  Colliery. 

Fans  No.  8  (Fig.  6)  and  No.  9  (Fig.  7)  are  in  use  for  ventilat- 
ing the  Lehigh  and  Wilkes-Barre  Coal  Company's  Stanton  Colliery. 
They  are  arranged  together,  one  working  and  the  other  held  in  re- 
serve, to  draw  from  the  same  air-shaft  (11  feet  10  inches  by  10  feet 
6  inches  in  section),  the  connection  to  either  fan  being  made  by  two 
large  sliding  doors  either  one  of  which  can  be  raised,  while  the  other 
ifi  lowered  by  the  same  mechanism.  No.  8,  the  older  fan  of  the  two^ 
is  about  20  feet  only  from  the  shaft  to  which  its  inlet  is  directly  op- 
posite. No.  9  is  placed  in  front  of  No.  8  and  connected  to  the  air- 
shaft  by  a  curved  brick  passage,  with  iron  roof.     Each  fan  is  driven 
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by  a  20  X  48-ioch  direct-acting  eDgine,  both  engines  being  in  the  same 
engine-house.  The  air  was  measured  by  an  anemometer  attached  to 
a  long  pole,  moved  about  in  the  current  (as  described  for  fan  No.  1), 
one  four-minute  measurement  being  checked  by  a  two-minute  one, 
and  the  two  being  found  to  agree  yery  well.  The  air  was  measured 
directly  in  the  opening  of  the  fans,  each  of  which  had  a  clear  open- 
ing of  230  square  feet.  This  point  was  chosen  on  account  of  large 
leakages  of  the  air-passages  between  the  shaft  and  fan,  estimated  by 
the  Lehigh  and  Wilkes-Barre  Coal  Ck)mpany's  engineer  to  be  about 


Fig,  6. 


Scale  ru  In.  to  the  foot. 


Fan  of  the  Cameron  Ck>lliery,  Shamokin,  Pa. 


8  per  cent,  of  the  whole  volume  delivered.  These  leakages  may 
account  for  the  discrepancy  between  the  two  fans  both  running  at 
46  revolutions  per  minute,  and  one  giving  229,000  feet  of  air  under 
1.96  inch  water-gauge,  the  other  235,000  cubic  feet  under  1.85 
inch  water-gauge.  The  fan-door,  the  only  available  place  to  take, 
the  water-gauge,  was  in  the  latter  case  in  the  current  and  the  water 
in  the  glass  vibrated  considerably,  so  that  it  was  difficult  to  get  an 
accurate  reading. 

The  lower  efficiency  noted  for  fan  No.  9  at  65  revolutions  may  be 
partially  accounted  for  by  considerable  strain  noticed  in  engine  and 
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fau  at  that  speed,  and  partly  by  the  very  small  air-shaft  through 
which  the  fan  had  to  draw. 

Fan  No.  10  (Fig.  8)  ventilates  part  of  the  Empire  mine  workings 
,  of  the  same  company;  the  air  in  this  case  was  measured  by  the  writer 
in  the  upcast-shaft  (four  2-minute  measurements  agreeing  within 
about  4  per  cent.).  The  fan  has  no  shutter,  and  is  driven  direct  by 
a  18  X  36-inch  engine,  with  a  governor  which  prevented  it  from  being 
speeded  to  over  73  revolutions. 

Fan  No.  11  (Fig.  9)  is  a  Capell  fan  ventilating  the  South  Wilkes- 
Barre  shaft-workings  of  the  same  company.     This  fan  is  radically 


Fig.  6. 


Fan  of  Lehigh  and  Wilkes-Barre  Company*8  Stanton  Collierj. 

different  from  any  other  in  use  in  the  region.  It  is  built  entirely  of 
metal,  has  six  outside  blades  curving  back  nearly  to  a  tangent^  and 
six  inside  blades  of  about  half  the  width  of  the  outside  ones  and 
reaching  to  within  about  a  foot  of  the  shaft.  The  fan  is  12  feet  6 
inches  in  diameter  and  12  feet  wide,  with  two  side  openings.  The 
sides  beyond  the  inlets  are  closed,  and  the  &n  revolves  in  a  large 
spiral  casing.  Fan  No.  12,  an  English  fan  of  about  the  same  size, 
is  inserted  for  comparison,  and  appears  to  give  a  very  much  higher 
efficiency.    The  officials  of  the  L.  &  W.  B.  C.  Co.  state  that  their 
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fan  is  not  having  a  fair  chance  to  show  what  it  can  do^  and  from  the 
record  of  No.  1 2  it  seems  probable  that  this  form  is  better  suited  to 
mines  with  small  air-passages^  giving  a  much  higher  water-gauge. 
It  is  now  working  under  conditions  most  favorable  to  the  Guibal 
fan.  When  the  workings  at  this  place  have  become  more  extensive 
this  fan  should  show  much  better  results. 


Fig.  7. 


Fan  of  Lehigh  and  Wilkes-Barre  Company's  Stanton  Colliery. 


Fan  No.  11}  (see  Fig.  7)  is  a  35-foot  Guibal  fan  ventilating  the 
HoUenback  mine-workings  of  the  Lehigh  and  Wilkes-Barre  Coal 
Company.  It  is  reported  as  giving,  at  45  revolutions,  the  enormous 
efficiency  of  91^  per  cent. — much  the  highest  of  all  the  fans  tested. 
The  air  was  measured  in  the  inlet  of  the  fan,  and  the  velocity  ob- 
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tained  fr6m  the  average  of  three  4-miDute  naeasiiremeDts  made  by 
Mr.  R.  M.  Snyder,  engineer  of  the  company.  This  is  one  of  three 
fans  ventilating  the  same  mine,  one  of  18  feet  and  one  of  35  feet 
diameter  being  in  use  in  addition  to  the  one  tested.  The  air-shafib 
from  which  this  fan  draws  is  divided  from  the  one  used  by  the  18- 

Fig.  8. 


Fan  of  Lehigh  and  Wilkes-Barre  Company's  Empire  Colliery. 


foot  fan  by  a  wooden  brattice  only,  and  the  air-ways  are  identical  in 
the  mine.  The  water-gauge  was  taken  in  the  fan-casing  on  the  side 
opposite  the  inlet,  about  three  feet  from  the  fan-shaft.  The  fan  was 
tested  at  two  speeds,  45  and  50  revolutions — the  former  showing  91^ 
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per  cent,  and  the  latter  but  74^  per  cent,  efficiency.  The  equivalent 
orifice  of  the  mine,  calculated  from  the  two  tests,  is  in  the  one  case 
68  square  feet  and  in  the  other  66^  square  feet,  and  the  water-gauge 
does  not  agree  well  with  the  square  of  the  periphery  speed.  The 
heights  at  46  and  60  revolutions  respectively  should  have  been  2.26 
and  2.66,  or  1.94  and  2.40  inches,  instead  of  2  26  and  2.40.  This 
fan  shows  the  same  peculiarity  as  No.  9  in  giving  a  lower  efficiency 
at  its  higher  speed.  The  variations  in  water-gauge  and  equivalent 
orifice  of  the  mine  may  be  accounted  for  by  the  peculiar  condition 
of  the  ventilation — ^three  fans  drawing  on  the  same  mine,  and  this 
one  alone  being  speeded  up. 

Fig.  9. 


Capell  Fan. 


Fan  No.  12  is  an  English  fan,  of  which  the  record  is  introduced 
for  comparison.     (See  under  Fan  No.  11.) 

Fan  No.  13  (Fig.  10)  has  been  most  exhaustively  tested  by  Mr. 
Robert  Ramsay,  engineer  of  the  South-west  Coal  and  Coke  Com- 
pany at  the  Morewood  mine,  and  the  results  are  communicated  by 
the  makers. 

Fan  No.  14  (Fig.  7),  located  at  the  Dorrance  colliery  of  the 
Lehigh  Valley  Coal  Company,  is  a  36-foot  fan  exactly  similar  to 
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No.  9,  exoept  that  the  former  is  reported  as  11  feet  8  inches  and  this 
as  12  feet  wide.  It  is  driven  direct  bj  a  24  by  42-inch  engine. 
The  reported  efficiency,  76^^  per  cent.,  is  but  a  little  higher  than 
that  of  No.  9  (72^  per  cent.),  although  the  fans  are  working  under 
different  conditions,  No.  14  giving  177,000  cubic  feet  of  air  under 
2.25  inches  water-gauge,  and  No.  9  235,000  under  1.85  water-gauge. 
The  mine  appears  to  have  little  influence  on  the  efficiency  in  this 


Fig.  10. 


/    H 


F&n  of  S.  W.  Coal  and  Coke  Company's  Morewood  Mine. 


case.     The  air  was  measured  underground  at  the  foot  of  the  up-cast, 
and  the  air-ways  are  stated  to  be  as  follows : 


Split  No.  1,  5000  feet  long. 
"    No.  2,    800       " 
'*    No.  3,  6350       '* 
"    No.  4,  7950       « 


Regulator,  27  X  20  inches. 
16X12    •* 
**  36  X  36    " 

Area,  120  square  feet. 


Fan  No.  15  (Fig.  11),  at  the  Lehigh  Valley  Coal  Co.'s  Henry 


CKSTBlFVQAJj  VENTILATORS. 


657 


colliery^  appears  to  give  the  high  efficiency  of  86-^j^  per  cent.  It 
is  a  30-foot  fan,  10  feet  broad,  with  8  flat  blades  inclined  back  46^ 
from  the  radius,  a  single  intake,  16  feet  in  diameter,  the  stack  start- 
ing inside  7  feet  above  the  centre.  The  spiral  casing  begins  at  the 
point  of  cut-off  and  widens  ^  diameter  for  each  45^  from  the  top, 

Fig.  11. 


F^n  at  Lehigh  Valley  Coal  Company's  Henry  Colliery. 


beginning  there  at  12  inches  and  reaching  7  feet  at  the  center-line. 
The  air  was  measured  in  the  mine.  The  airways  of  the  mine  are 
*  said  to  average  100  square  feet  in  area,  the  current  being  divided 
into  7  splits,  respectively  19,400  feet,  11,200  feet,  6600  feet,  11,400 
feet,  13,200  feet,  20,200  feet  and  2700  feet  long.  The  equivalent 
orifice  of  this  mine  is  about  84  square  feet. 
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Fan  No.  16  (Fig.  12),  is  ventilating  the  Lehigh  Valley  Coal  Co/s 
Packer  No.  5  colliery.  Its  construction  is,  to  say  the  least,  unnsaal. 
The  blades  project  1  foot  into  the  intake-opening,  and  both  spiral 
casing  and  stack  are  odd  in  shape.  The  air-ways  are  said  to  ap- 
proximate 100  square  feet  in  area. 

Fan  No.  17,  an  English  fan,  is  inserted  in  the  table  as  having 

Fig.  12. 


Fan  at  Lehigh  Valley  Coal  Company's  Packer  No.  5  Colliery. 

» 

probably  the  highest  eflBciency  (over  80  per  cent.)  that  has  been  re- 
ported publicly  for  any  foreign  fan.  The  Walker  patent  shutter 
(Trans.j  xix.,  37),  is  said  to  increase  its  ease  of  running  rather  than 
its  efficiency. 

Fan  No.  18  shows  the  efficiency,  as  determined  19  years  ago,  of 
one  of  the  Delaware,  Lackawanna  and  Western  R.R.  Co/s  open 
fans,  employed  at  Avondale. 

Fan  No.  19  (Figs.  13  and  14),  is  the  Bellevue  fan  of  the  Delawarei 
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Lackawanna  and  Western  R.R.  Co.,  which  has  been  exhaustively 
tested  by  Mr.  A.  H.  Storrs.  The  tests  were  made  for  comparison  only, 
and  the  air  was  measured  by  an  anemometer  held  stationary  in  the 
middle  of  the  air-current.  The  anemometer  was  held  always  in  the 
same  place  and  gave  results  probably  correct  for  comparison  with 
each  other,  but  not  for  absolute  measurement. 

A  number  of  experiments  on  the  difference  between  measuring 
air  in  the  center  of  the  current  and  averaging  the  whole  (as  de- 
scribed under  fan  No.  1),  have  shown  that  the  former  method  gives 
results  from  20  to  30  per  cent,  too  high.  Measuring  in  the  center 
of  each  of  four  quarters  of  the  space  gives  results  from  8  to  15  per 
cent,  too  high.  (See  further  remarks  on  page  662  in  connection  with 
Fig  15). 

Fig.  13. 


BELLEVUE 

'^STANDAHD  FATl" 


Original  Form  of  D.  L.  &  W.  R.R.  Co.'s  Bellevue  Fan. 


This  fan  was  originally  (Fig.  13)  open,  1 6  feet  in  diameter,  and  4  feet 
6  inches  wide ;  and  as  such  it  was  tested  April  18, 1891,  by  changing 
the  condition  of  the  mine,  giving  various  resistances  to  the  air-current, 
with  the  results  not^  in  the  table  (A,  B,  C).  The  fan  was  after- 
wards closed  with  a  spiral  casing  and  chimney  (Fig.  14,  spiral  No.  1), 
and  also  provided  for  the  experiment  with  a  Walker  shutter,  the  end  of 
which  is  V-shaped,  to  reduce  the  vibration.  The  tests  (January  29, 
1891)  of  the  fan  thus  arranged  (experiment  E)  seem  to  show  a  gain 
in  efficiency.  The  casing  was  then  torn  off  and  the  open  fan  was 
again  tested  (Februaiy  2,  1891,  experiment  D),  after  which  a  casing 
and  chimney  of  another  shape  (Fig.  14,  spiral  No.  2)  were  put  on,  and 
experiment  F  (February  12,  1891)  was  made.  This  seems  to  show 
the  highest  efficiency  attained  by  the  fan.    The  fan  was  arranged  to 
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draw  on  a  closed  space  while  it  was  in  each  of  (he  three  conditions, 
and  the  water-gauge  was  taken  (see  6,  H,  I),  giving  for  the  open 
fan  at  112  revolutions,  1.35  inches  (G);  for  the  fan  closed,  as  in 


Fig.  14,  spiral  No.  1,  2.30  inches  (H) ;  and  for  the  fan  closed,  as  in 
Fig.  14,  spiral  No.  2,  at  lOSy^^j^  revolutions,  2.40  inches  (I),  or  equiva- 
lent to  2.57  inches  at  1 1 2  revolutions. 
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Perhaps  the  three  experiments,  J,  K,  L,  show  the  effect  of  the  spiral 
casing,  shutter  and  tvas^  chimney  more  reliably  than  the  others.  In 
all  the  three  the  fan  was  driven  at  the  same  speed  (110.6  revolu- 
tions), showing  for  the  open  fan  136,000  cubic  feet  of  air  at  1.2  inches 
water-gauge;  for  the  same  fan  closed  (Fig.  14,  spiral  No.  1),  156,000 
cubic  feet  at  1,6  inches,  and  with  the  addition  of  a  Walker  shutter, 

Fio.  16. 


Delaware,  Lackawanna  and  Western  R.R.  Co.*8  Holden  Fan. 


144,000  cubic  feet  at  1.5  inches.     No  indicator-cards  being  taken 
at  this  time,  even  the  comparative  efficiency  could  not  be  obtained. 

The  impossibility  of  even  approximating  the  true  quantity  of  air 
by  measuring  with  an  anemometer  held  stationary  in  but  one  posi- 
tion, is  well  demonstrated  by  Fig.  15,  which  shows  the  velocities  of 
air  found  at  different  points  in  the  cross-sections  of  seven  different 
air-ways. .  These  results  are  taken  from  a  paper  read  by  Mr.  Wm. 
Daniel  before  the  Institution  of  Mechanical  Engineers,  Manchester, 
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England^  November  5^  1875.  They  show  remarkable  variations  in 
velocity  with  different  positions  of  the  anemometer.  The  instru- 
ments used  were  one  Biram  and  two  Casella  anemometers,  and  the 
velocities  given  have  been  corrected  by  formulas. 

Fan  No.  20  (Fig.  1 6),  the  Holden  fan  of  the  same  company,  was 
tested  with  the  mine  in  three  conditions :  first,  normal  (A) ;  then 
with  cages  put  on  the  same  level  in  the  downcast-shaft  (B);  and 
lastly,  with  the  air-doors  open,  short-circuiting  the  air,  and  giving 
the  enormous  equivalent  orifice  of  114  square  feet  (G). 


Fig.  17. 


Coxe  Bros.  &  Co.'s  Drifton  No.  2  Slope  Fan.    Scale  J^^  =  V. 

Fan  No.  21  (Fig.  13),  the  Dodge  fan  of  the  D.  L.  &  W.  R.R.  Co., 
was  tested  August  28,  1891,  (A  and  B)  with  mine  normal  at  dif- 
ferent speeds  of  fan  and  (C)  with  air  short-circuited.  It  gives  a 
remarkable  volume  of  air  for  so  small  a  fan,  ei^iptying  itself  nearly 
three  times  in  each  revolution. 

Fan  No.  22  (Fig.  17),  is  located  west  of  the  No,  2  slope  of  Messrs. 
Coxe  Bros.  &  Co.,  Drifton,  Pa.  It  has  a  Walker  shutter,  and  is 
driven  direct  by  a  16  x  24-inch  plain  slide-valve  engine.  The  air 
was  measured  ^'  at  highest  section  of  up-cast,  just  in  front  of  fan- 
inlet,"  and  the  water-gauge  was  taken  at  the  center  of  the  fan-inlet 
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by  a  f-inch  pipe  reaching  to  within  4  feet  of  the  center.  The  size 
of  the  opening  into  the  chimney  appears  to  be  small^  and  the  fan  is 
giving  but  little  air;  the  fan  most  nearly  comparing  with  it,  No. 
2f  the  poorest  of  the  Susquehanna  Coal  Company's  fans,  giving 
more  air  under  a  higher  water-gauge  at  three  i*evolutions  less  per 
minute. 

Fans  Nos.  23,  24  and  26  (Fig.  18),  of  the  Philadelphia  and  Bead- 
ing  Coal  and  Iron  Co.  are  all  made  to  a  standard  scale  of  propor- 

Fio.  18. 


Philadelphia  and  Beading  Coal  and  Iron  Go.'s  Fan. 


tion,  based  on  the  diameter  of  the  fan.    The  dimensions  are  all  pro- 
portional to  the  diameter. 

Thus,  A  being  the  diameter  of  the  fan  : 

B  =  iA. 

0=1-4  +  1  inch. 

D  =  ^A. 

E  =  iA. 

F=^A. 
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H=A. 

I  =  i  A  -{-  2  inches. 
J  =  "iYj-  a. 

The  width  of  the  blades  is  ^  A. 

Faus  Nos.  24  and  25  are  drawing  from  mines  with  very  small 
orifices,  each  about  20  square  feet ;  while  No.  23  has  a  fairly  large 
mine  of  65  square  feet  orifice.  The  great  difference  in  efficiency  (24 
per  cent,  for  Nos.  23  and  24,  and  60  per  cent,  for  No.  25)  is  appar- 
ently inexplicable.  The  air  was  measured,  as  in  the  D.,  L.  &  W. 
R.B.  Co.'s  experiments,  with  anemometer  held  stationary,  and  con- 
sequently the  reported  efficiencies,  etc.,  are  not  comparable  with 
those  of  the  other  fans.  The  airways  in  the  mine  through  which 
these  three  fans  drew  air  are  stated  to  be  as  follows: 

No.  23. — Main  fan  air- way,  101  square  feet,  4  splits,  each  averag- 
ing 6000  feet  long^  30  square  feet  section;  equivalent  orifice  of 
mine,  56  square  feet. 

No.  24. — Main  outlet  air-way,  64  square  feet,  36  "  monkey  "  air- 
ways or  splits,  averaging  2400  feet  long  each,  30  square  feet ;  equiva- 
lent orifice  of  mine,  20-]^  square  feet. 

No.  25. — Main  fan  air- way,  81  square  feet  area;  4  "monkey" 
air- ways  or  splits,  average  area,  30  square  feet ;  average  length  of 
each,  300  feet. 

An  examination  of  the  detailed  results  of  each  test  in  the  accom- 
panying table,  shows  a  mass  of  contradictions  from  which  it  is  ex- 
ceedingly difficult  to  draw  any  satisfactory  conclusions.  Yet  the 
following  appear  to  be  more  or  less  warranted  by  some  of  the 
figures: 

1.  Influence  of  the  Condition  of  the  Air-ways  on  the  Fan, — Mines 
with  varying  equivalent  orifices  give  air  per  100  feet  periphery- 
motion  of  fan,  within  limits  as  follows,  the  quantity  depending  on 
the  resistance  of  the  mine : 

Equivalent  orifice.  Cu.  ft.  air  per  100  fl.  perlphery-Bpeed.  Arerage. 

Under  20  square  feet,  1100  to  1700  1900 

20  to  30,  1300  to  1800  1600 

30  to  40,  1500  to  2500  2100 

40  to  50,  2300  to  3500  2700 

50  to  60,  2700  to  4800  3500 

60  to  70,  3300  to  5100  4000 

70  to  80,  4000  to  4700  4400 

80  to  90,  3000  to  5600  4800 
90  to  100, 

Over  100  to  114,  5200  to  6200  5700 
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The  influence  of  the  mine  on  the  efficiency  of  the  fan  does  not 
seem  to  be  very  clear.  Fans  Nos.  1,  4,  6,  8,  9,  llj^,  ISyand  20,  with 
equivalent  orifices  over  60  square  feet,  give  efficiencies  over  70  per 
cent. ;  while  Nos.  3,  6,  10,  and  12,  with  smaller  equivalent  mine- 
orifices,  give  about  the  same  figures;  No.  3  (efficiency  82  percent.), 
having  but  32  square  feet  equivalent  orifice,  while,  on  the  contrary, 
fans  Nos.  1  (F  &  G),  11,  13,  20,  21,  and  23,  with  equivalent  ori- 
fices of  over  50  square  feet,  give  lower  efficiencies,  as  do  Nos.  2,  7, 
16,  18,  19,  20,  21,  22,  24,  and  25,  all  drawing  from  mines  with 
small  equivalent  orifices.  Especially  noticeable,  in  this  connection, 
are  Nos.  23  and  25 ;  the  former  drawng  from  50  square  feet  equiva- 
lent orifice  with  but  23  per  cent,  efficiency,  and  the  latter  from 
19-j^  square  feet,  with  nearly  60  per  cent,  efficiency ;  and  also  Nos. 
12  and  21,  which  increased  nearly  10  per  cent,  in  efficiency,  when 
the  orifice  of  the  mine  was  enlarged  by  short-circuiting  the  air. 
It  would  seem  that,  on  the  whole,  large  air- ways  tend  to  assist  some- 
what in  attaining  a  large  efficiency. 

2.  Influence  of  the  Diamder  of  the  Fan  on  its  Performance. — ^This 
seems  to  be  practically  nil,  the  only  advantage  of  large  ians  being 
in  their  greater  width  and  the  lower  speed  required  of  the  engines. 

3.  Influence  of  the  Width  of  a  Fan  on  its  Performance, — This  ap- 
pears to  be  small  as  regards  the  efficiency  of  the  machine ;  bat  the 
wider  fans  are,  as  a  rule,  exhausting  more  air; — Nos.  1  (12  feet),  5 
(8  feet),  8,  9,  11|,  15  (12  feet),  and  20  (8. feet),  all  exhausting  over 
4600  cubic  feet  per  100  feet  periphery  motion.  The  two  Ca[)ell  fans, 
Nos.  11  and  12,  both  very  wide,  do  not,  however,  approach  these. 
The  only  wide  fan  which  does  not  follow  this  rule,  is  No.  14  (12  feet 
wide),  exhausting  but  3353  cubic  feet  per  100  feet  periphery  mo- 
tion. The  Susquehanna  Coal  Company  has  recently  erected  a  20- 
foot  fan,  12  feet  wide,  drawing  air  through  two  side-openings.  The 
air-ways  to  this  fan  are  in  progress,  and  it  is  hoped  that  a  thorough 
t^t  of  it  can  be  made  and  reported  in  an  appendix  to  this  paper. 

4.  Influence  of  Shape  of  Blades, — This  appears,  within  reasonable 
limits,  to  be  practically  nU.  Thus,  Nos.  3  (B),  8,  9,  10,  11},  and 
14,  with  tips  of  blades  curved  forward ;  Nos.  4,  5,  and  15,  with  flat 
blades,  and  No.  1,  with  blades  curved  back  to  a  tangent  with  the 
circumference,  all  give  very  high  efficiencies— over  70  per  cent.  The 
Lykens  Valley  Coal  Company  has  two  fans,  identical  in  every  par^ 
ticular  except  that  the  tips  of  the  blades  curve  forward  in  the  one 
and  backward  in  the  other ;  these  fans  can  be  made  to  draw  air  from 
the  same  air-way,  and  the  figures  resulting  from  such  a  test  (which 
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have  not  yet  been  received)  may  help  to  elucidate  the  matter.  The 
curving  back  of  the  tips  appears  to  diminish  considerably  the  vibra- 
tion caused  by  the  blades  passing  the  point  of  cut-off. 

An  experiment  bearing  on  this  matter  was  tried  on  a  small  fan 
at  the  Empire  Colliery,  a  number  of  years  ago.  The  fan-blades  are 
described  as  having  about  the  shape  of  those  shown  in  Fig.  13.  They 
were  removed  and  turned  around,  and  then  driven  curved  forward 
instead  of  backward.  The  fan  gave,  in  both  cases,  the  same  amount 
of  air,  but  no  determination  of  the  power  used  in  each  case  was 
made. 

Another  fan  was  found  to  have  a  strong  eddy  in  the  inlet,  the  air, 
in  places,  apparently  blowing  out  of  the  fan.  On  examination,  it 
was  noticed  that  the  inside  edges  of  the  blades  projected  a  couple  of 
inches  inside  the  circle  of  the  inlet.  These  were  cut  off  flush  and 
the  eddy  ceased. 

5.  Influence  of  the  Shape  of  the  Spiral  Casing  on  the  Performance 
of  Fans. — This  appears  to  be  considerable.  The  shapes  of  spiral 
casing  in  use  fall  into  two  classes,  the  first  presenting  a  large  spiral, 
beginning  at  or  near  the  point  of  cut-off,  and  the  second  a  circular 
casing  reaching  around  three-quarters  of  the  circumference  of  the 
fan,  with  a  short  spiral  reaching  to  the  kvaaee  chimney. 

Fans  having  the  first  form  of  casing  appear  to  give  in  almost 
every  case  large  efficiencies.  Such  fans  are  Nos.  1  (85  per  cent.),  2 
(68  per  cent.),  3  (82  per  cent.),  4  (82  per  cent.),  6  (85  per  cent.), 
and  15  (86  per  cent.).  Fans  with  casings  between  the  two  classes 
are  Nos.  6  (70  per  cent.),  7  (69  percent),  8  (71  per  cent.),  9  (72  per 
cent.),  11^  (91  per  cent.,|[doul)tful),  and  14  (76  per  cent.).  To  the 
second  class  belong  Nos.  23  (23  per  cent.),  24  (24  per  cent.),  25  (60 
per  cent.),  and  10  (75  per  cent,).  Nos.  13  and  22  have  a  spiral 
belonging  to  the  first  class,  but  very  much  contracted.  They  give 
only  medium  efficiencies.  It  seems  probable  that  the  proper  shape 
of  spiral  casing  would  be  one  of  such  form  that  the  air  between 
each  pair  of  blades  could  constantly  and  freely  discharge  into  the 
space  between  the  fan  and  casing,  the  whole  being  swept  along  to 
the  evasie  chimney.  This  would  require  a  special  beginning  near 
the  point  of  cut-off,  enlarging  by  gradually  increasing  increments  to 
allow  for  the  slowing  of  the  air  cau.sed  by  its  friction  against  the 
casing,  and  reaching  the  chimney  with  an  area  such  that  the  air 
could  make  its  exit  with  its  then  existing  speed — somewhat  less 
than  the  periphery-speed  of  the  fan. 

6.  Influence  of  the  Shutter  on  the  Performance  of  Fans. — This  cer- 
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tainly  appears  to  be  an  advantage,  as  by  it  the  exit  area  can  be  regu- 
lated to  suit  the  varying  quantity  of  air  given  by  the  fan,  and  in 
this  way  re-entries  can  be  prevented.  It  is  hot  uncommon  to  find 
shutterless  fans  into  the  chimneys  of  which  bits  of  paper  may  be 
dropped,  which  are  drawn  into  the  fan,  make  the  circuit,  and  are 
again  thrown  out.  This  peculiarity  has  not  been  noticed  with  fans 
provided  with  shutters. 

7.  Influerice  of  the  Speed  at  which  a  Fan  is  run  on  its  Performance, 
— It  is  noticeable  that  most  of  tlie  fans  giving  high  efficiency  were 
running  at  a  rather  high  periphery  velocity ; — Nos.  1  B  (85  per  cent.), 
6282  feet ;  3  B  (82  per  cent.),  5495  feet ;  4  (82  per  cent),  4867  feet ; 
5  (85  per  cent.),  5278  feet;  8  (72  per  cent),  5060  feet;  9  (72  per 
cent.),  6060  feet;  10  B  (75  per  cent.),  5504  feet;  14  (7ft per  cent.)', 
5278  feet ;  17  (80  per  cent.),  5273,  seeming  to  show  that  the  best 
speed  is  between  5000  and  6000  feet  per  minute.  A  notable  excep- 
tion to  this  is  No.  15  (86  per  cent.),  4241  feet  All  these  fans  appear 
to  reach  a  maximum  efficiency  at  somewhere  about  the  speed  given 
and  to  decrease  rapidly  in  efficiency  when  this  maximum  point  is 
passed.  This  is  notably  the  ca«e  with  No.  1  (86  per  cent,  at  6282, 
and  but  75  per  cent,  at  7727),  No.  9  (72  per  cent,  at  5060,  and  but 
58  per  cent  at  6050),  No.  11|  (91  per  cent  at  4950,  and  but  74 
per  cent  at  5500),  No.  17  (80  per  cent  at  5273,  and  but  75  per  cent 
at  6780),  and  No.  13  reaching  a  maximum  at  about  5000  feet  On 
the  other  hand.  No.  11,  at  speeds  varying  from  4800  to  5800,  shows 
but  45  per  cent,  and  No.  19,  at  the  same  speed,  5500  to  5700,  is 
rather  low  in  efficiency. 

Among  the  curious  results  in  the  table  may  be  noted  the  enor- 
mous drop  in  efficiency  in  experiments  F  and  G  on  Fan  No.  1, 
where  one  of  the  two  similar  fans  only  was  running.  In  this  case 
the  fan  had  two  side-openings,  the  one  towards  the  centre  being  more 
or  less  clogged  by  the  presence  of  the  pulley-casing  there;  but  nei- 
ther this  nor  the  presence  of  the  shutter  seems  to  suffice  to  explain 
a  decrease  of  50  per  cent  in  efficiency.  Again,  the  behavior  of 
Fans  Nos.  9  and  11^,  in  each  of  which  a  small  increase  in  velocity 
was  accompanied  by  a  large  decrease  in  efficiency,  and  that  of  Fan 
No.  3,  where  an  increased  velocity  gave  a  greatly  increased  efficiency, 
are  puzzling. 

It  is  probable  that  many  of  these  variations  are  due  to  methods 
of  testing.  In  further  study  of  the  subject  it  would  be  a  great  ad*- 
vantage  to  have  standard  methods  devised  of  measuring  air  and 
water-gauge.    The  latter  is  taken  by  di£Perent  observers  at  different 
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points,  the  fan-door  being  usually  preferred,  both  on  account  of  its 
convenience  and  because  it  is  usually  near  the  fan  and  pretty  well 
shielded  from  the  effects  of  the  current.  The  water-gauge  on  Fan 
No.  11^  (9^1^  P^r  <^6nt.  efficiency)  was  taken  in  the  casing  on  the 
closed  side  of  the  fan  opposite  the  single  inlet,  and  it  seems  probable 
that  it  was  affected  by  the  current  impinging  upon  it,  and  gave  a 
false  reading. 

A  satisfactory  way  of  testing  fans  for  comparison  would  be  the 
following :  Let  the  fan  be  completely  stopped  off  from  the  mine, 
and  a  square  wooden  passage  built — say  10  by  10  feet  and  at  least 
50  feet  long,  to  give  a  steady,  r^ular  current-— connecting  to  the 
open  air.  The  opening  into  the  fan-house  should  be  10  by  10  feet, 
and  a  recess  large  enough  to  shield  from  the  current  the  men  en- 
gaged in  measuring  air  should  be  built  out  from  the  passage  about 
16  feet  from  the  fan-house.  In  this  passage  wires  should  be  stretched 
dividing  it  into  not  less  than  nine  squares;  and  in  measuring  the 
air  an  anemometer-reading  should  be  taken  in  each  square,  the  ane- 
mometer being  slowly  moved,  to  average  the  speed. 

The  fan,  drawing  air  from  this  passage,  should  be  tested  at  dif- 
ferent speeds,  the  power  being  determined  by  the  indicator,  or, 
better,  by  dynamometer,  the  air  measured  as  above,  and  the  water- 
gauge  taken  in  the  fan-house,  as  near  the  fan  as  possible,  but  out  of 
the  current. 

The  10-by-lO-foot  entrance  into  the  fan-house  should  then  be 
reduced  to,  say,  75,  50  and  25  square  feet,  successively,  the  experi- 
ments being  repeated  for  each  opening,  and,  lastly,  the  entrance 
should  be  completely  closed,  and  the  fan  tested  for  depreasion  when 
passing  no  air.  This  method  would  give  results  entirely  indepen- 
dent of  the  mine-conditions,  and  would  permit  all  fans  to  be  tested 
under  conditions  more  nearly  similar  than  would  be  the  case  were 
they  put  successively  on  the  same  air-shaft.  Unfortunately,  it  is 
hardly  practicable,  except  with  new  fans  not  yet  in  use.  For  per- 
fectly satisfactory  comparison  its  only  drawback  is  the  necessity  of 
taking  the  power  for  engine  and  fan  together.  To  meet  this  objec- 
tion, if  the  fan  is  driven  by  belting,  the  engine  should  be  run  alone 
at  the  test-speeds,  and  its  indicated  power  deducted  from  that  devel- 
oped when  running  the  fan.  For  direct-acting  engines  this  would, 
of  course,  be  impossible;  but  the  engine  and  fan-shaft  could  be  run 
together  before  the  fan-spiders  were  put  on. 

It  is  hoped  that  the  experiments  described  in  this  paper  may 
awaken  interest  in  a  somewhat  neglected  subject    In  conclusion,  I 
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desire  to  express  ray  thanks  to  the  many  colliery  officials  whoee 
skilful  labors  and  friendly  courtesy  have  made  its  preparation 
possible. 

Discussion. 

EcKLEY  B.  CoxE,  Drifton,  Pa. :  We  all  owe  Mr.  Norris  hearty 
thanks  for  bringing  up  this  subject  of  fans.  Our  practice  hitherto 
has  been  a  sort  of  **  go-as-you-please."  We  pot  up  a  fan,  and  if  it 
does  not  satisfy  us  we  put  up  a  bigger  one ;  then  some  one  else  who 
knows  very  little  more  about  it  builds  an  'improved"  fan;  and  so 
on.  No  really  systematic  effort  has  been  made  to  place  the  subject 
of  fans  upon  a  proper  basis.  The  experience  of  my  firm  is  not  very 
extensive  or  precise.  One  of  our  fans,  named  in  Mr.  Norris's  paper, 
is  a  pretty  bad  fan  ;  we  put  a  Walker  shutter  on  it,  which  increased 
its  efficiency,  and  did  away  with  the  vibration.  Before  that,  one 
could  hear  the  vibration  two  or  three  hundred  yards  away.  We 
have  never  been  troubled  much  with  the  question  of  ventilators,  be- 
cause we  have  worked  so  largely  at  the  surface.  With  regard  to 
the  mechanical  ventilation  underground,  coal-operators  have  been 
too  much  accustomed  to  think  that  steam  costs  them  nothing,  and 
the  question  has  therefore  been,  not  what  was  the  efficiency  of  the  fan 
for  the  power  employed,  but  rather  (until  recently),  how  cheaply  we 
could  get  something  that  the  mine-inspector  would  allow  us  to  work 
under  because  it  gave  the  required  quantity?  I  hope  that  this  paper 
by  Mr.  Norris  will  lead  us  all  to  look  more  carefully  into  the  sub- 
ject. Mr.  Wagner,  our  engineer,  can  state  more  particularly  the 
results  obtained  from  the  Walker  shutter. 

John  B.  Wagner,  Driflon,  Pa. :  We  tried  at  three  speeds  the 
fan  of  which  Mr.  Coxe  speaks,  namely,  at  50, 62  and  70  revolutions. 
The  efficiency  without  the  Walker  shutter  was  23  per  cent  at  62 
revolutions ;  and  with  a  small  opening  we  got  less  than  we  did  with- 
out any  shutter.  With  the  shutter  so  modified  that  the  opening 
was  very  much  larger,  we  got  32  per  cent.,  and  with  the  openings 
still  larger,  40  per  cent,  efficiency.  At  70  revolutions,  without 
shutter,  we  had  reached  the  limit,  owing  to  the  vibration.  It  was 
not  safe  to  run  the  engine  at  any  greater  speed.  But  after  the 
Walker  shutter  had  been  put  on,  we  were  able  to  run  up  to  100 
revolutions  without  any  considerable  tremor. 

A.  H.  Storrs,  Scranton,  Pa. :  We  made  at  a  D.  L.  and  W.  R.R. 
colliery  a  trial  of  a  shutter  of  this  type,  in  connection  with  Spiral 
No.  1   (see  page  660,   ante).     Though  this  was  not  exactly  the 
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Walker  shutter,  it  followed  closely  the  proportions  drawn  by  Mr. 
Walker  for  larger  fans.  No  test  of  the  effect  of  this  shutter  on  the 
Efficiency  of  the  fan  was  made.  The  quantity  of  air  passed  by  the 
fan  was  apparently  slightly  decreased  by  the  use  of  the  shutter;  but 
this  could  probably  have  been  remedied  by  changing  the  casing- 
spiral  so  as  to  increase  the  chimney-opening.  The  noticeable  effect 
of  the  shutter  was  the  entire  stoppage  of  vibration,  which  had  be- 
c(»roe  so  great  as  to  prevent  the  running  of  the  fan  at  any  higher 
speed.  This  cessation  of  vibration  and  consequent  allowance  of 
higher  speed,  which  would  probably  be  more  noticeable  on  fans  of 
greater  diameter,  is  very  important,  and  a  strong  argument  for  this 
type  of  shutter. 

Mr.  Norris  has  spoken  of  fans  emptying  themselves  some  two  or 
three  times  per  revolution.  From  the  ''cubic  feet  per  revolution  " 
and  ''cubical  contents  of  fan-blades,''  as  given  in  his  table,  we  find 
that  the  enclosed  fans  empty  themselves  from  one-half  to  twice  per 
revolution,  while  the  open  fans  are  emptied  from  one  and  three-quarter 
to  nearly  three  times, — this,  for  fans  of  both  types,  on  mines  cover- 
ing the  same  range  of  equivalent  orifices.  One  open  fan,  on  a  very 
large  orifice,  shows  that  it  was  emptied  nearly  four  times,  while  a 
closed  fan,  on  a  still  larger  orifice,  only  shows  one  and  one-half  times. 
It  will  also  be  noted  from  the  table  that  for  the  open  fans  the  "  cubic 
feet  per  100  feet  periphery  motion  "  is  greater,  in  proportion  to  the 
fan-width  and  equivalent  orifice,  than  for  the  enclosed  type.  Not- 
withstanding this  apparently  free  discharge  of  the  open  fans,  they 
show  very  low  efficiencies. 

As  illustrating  the  very  large  capacity  of  centrifugal  fans  to  pass 
air,  if  the  conditions  of  the  mine  are  made  favorable,  a  16-foot  di- 
ameter fan,  similar  to  No.  19,  at  130  revolutions,  passed  360,000 
cubic  feet  per  minute,  and  another,  of  same  diameter,  but  slightly 
wider  and  with  larger  intake  circles,  passed  500,000  cubic  feet,  the 
water-gauge  in  both  instances  being  about  one-half  inch. 

It  would  seem  that  the  difference  in  equivalent  orifice,  showing  a 
change  in  the  condition  of  the  mine,  of  the  two  tests  of  fan  No.  llj^, 
sufficiently  explains  the  fact  which  Mr.  Norris  notes,  that  the  water- 
gauges  and  volumes  are  not  proportional  to  the  speed.  The  condition 
of  the  mine  being  changed  between  the  experiments,  the  volume  and 
water-gauge  must  necessarily  be  affected  thereby. 

T.  D.  Jones,  Hazleton,  Pa.:  The  efficiency  reported  in  some 
cases  by  Mr.  Norris  is  larger  than  I  have  ever  been  able  to  deter- 
mine by  experiment.     It  seems  to  me  that  91  per  oent.  is  very  large 
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indeed.  My  own  experiments,  recorded  in  the  Pennsylvania  Mine 
Inspectors'  Reports  from  1876  to  1881,  did  not  show  more  than  60 
to  66  per  cent.  I  think  the  only  perfect  comparative  test  woald  be** 
the  trial  of  fans  of  different  types,  all  upon  the  same  shafl and  under 
the  same  conditions.  As  Mr.  Coxe  has  said,  we  want  primarily 
quantity  of  air ;  and  it  is  proper  to  make  that  the  first  requirement, 
the  cheapness  of  fuel,  and  all  other  things,  being  taken  into  consid- 
eration. One  way,  in  my  opinion,  to  get  both  quantity  and  efficiency, 
is  to  give  large  area  to  the  air- ways. 

Mr.  Norris:  The  measurements  of  air  for  the  Susquehanna 
Company's  fans  (of  which  the  high  efficiency  has  been  questioned 
by  Mr.  Jones)  were  made  at  the  same  time  that  the  indicator-cards 
were  taken  ;  and  at  that  time  the  mine  was  entirely  unoccupied,  ex- 
cept by  the  men  who  were  measuring.  The  Susquehanna  fans  were 
all  measured  by  the  same  persons,  and  I  believe  this  to  have  been 
the  case  also  in  the  case  of  each  of  the  other  companies  referred  to 
in  his  remarks.  As  to  the  methods  of  measurement,  I  can  only  say 
that  it  was  the  same  in  those  cases — ^at  least  those  of  the  Susquehanna, 
the  Lehigh  and  Wilkes-Barre  and  the  Lehigh  Valley  companies. 
I  have  checked  the  measurements  in  several  instances,  getting  results 
'within  3  per  cent.;  but  of  course  the  figures  given  in  my  paper  can 
.  rnot  be  regarded  as  other  than  approximate.  The  91  per  cent  effi- 
<ciency  reported  for  fan  No.  11}  is  in  my  opinion  very  doubtful; 
the  same  fan  driven  only  10  per  cent  faster  is  stated  to  show  but  74 
per  cent. 

.KoBERT  Allison,  Port  Carbon,  Pa. :  The  Institute  is  largely  in- 
debted to  Mr.  Norris  for  his  paper;  but  it  has  not  gone  quite  far 
enough.  I  take  it  that  these  ventilating  fans  are  governed  largely 
by  l^eal  conditions,  and  that  upon  tests  made  in  different  localities 
with  different  fans,  no  comparison  can  safely  be  based  with  r^ard  to 
their  relative  efficiency.  I  think  the  only  way  to  get  at  this  matter 
would  be,  as  has  been  stated,  to  place  a  number  of  fans  of  different 
types  en  the  same  opening  and  test  them  all  under  the  same  condi- 
tions, with  the  same  power  applied,  the  same  opening,  and  the  same 
conditions  all  through.  Then  you  could  determine  which  would  be 
the  best  form.  Mr.  Norris  shows  that  where  blades  were  turned 
around  the  efficiency  was  about  the  same.  Now,  a  change  in  form 
of  the  casing  might  make  quite  a  large  difference.  The  form  of  the 
blades  would  make  a  difference;  I  know  of  a  case  where  I  built  a 
fan  and  put  the  blades  on  with  a  curve  backward,  so  that  it  would 
run  back ;  but  the  superintendent  of  the  mine  did  not  like  that  form. 
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He  had  an  idea  that  if  the  blades  were  turned  the  other  way  he 
would  get  better  results,  and  so  he  took  the  blades  out  and  turned 
them,  and  claimed  that  he  got  better  results.  If  he  was  correct, 
then,  of  course,  that  is  the  waj  that  fans  ought  to  be  built ;  but 
unless  we  make  tests  under  the  same  conditions,  it  is  impossible  to 
arrive  at  specific  results  which  will  be  valuable  to  the  builders  or 
users  of  faps. 

I  think  it  would  be  a  good  idea  if  a  number  of  mine- owners  and 
builders  of  fans  would  club  together  and  raise  a  fund  for  the  purpose 
of  making  a  thorough  test  of  the  various  forms  of  fans,  under  the 
direction  of  a  competent  committee  of  members  of  this  Society.  No 
doubt  a  suitable  location  could  be  secured  for  this  purpose,  and  the 
result  would  have  the  greatest  interest  and  value  for  mine-owners 
and  builders  of  fans.  Mr.  Norris  is  entitled  to  our  thanks  for  open- 
ing up  this  most  interesting  subject.  The  fan-builder,  the  mine- 
owner  and  operator,  and  the  large  number  of  men  and  boys  employed 
in  the  mines  are  all  interested  in  having  the  best  possible  ventilation 
for  the  security  of  life  and  property,  and  I  hope  this  subject  will 
not  be  allowed  to  rest  until  we  have  some  good,  reliable  data  at 
hand. 

Mr.  Storbs  :  A  fan  of  the  type  of  Nos.  23,  24,  and  25  in  Mr. 
Norris's  table,  designed  for  a  closed  fan,  was  run  for  several  years  as 
an  open  fan,  and  run  in  both  directions,  with  no  perceptible  effect  on 
the  amount  of  ventilation.  At  the  request  of  the  mine-inspector, 
the  fan  was  enclosed,  the  enclosing  spiral  being  copied  as  closely  as 
possible  after  that  of  No.  26.  The  air  was  measured,  both  before 
and  after  the  enclosing  of  the  fan,  while  the  colliery  was  in  opera- 
tion, so  that  great  accuracy  was  not  obtainable,  but  the  measurements 
showed  3000  cubic  feet  per  minute  less  after  enclosure.  This  was  a 
case  where  it  appeared  to  make  no  difference  in  which  direction  the 
fan  was  run,  or  whether  it  was  open  or  enclosed.  No  figures  as  to 
efficiency  were  obtained,  but  it  is  probable  that  the  enclosed  fan 
would  have  shown,  in  this  respect,  the  best  results. 

With  a  view  of  comparing  some  fans  by  M.  Murgue's  theory  of 

the  equivalent  orifice,  with  which  Mr.  Norris  prefaces  his  paper,  I 

have  recently  made  some  experiments  with  four  fans  of  the  D.  L. 

and  W.  R.R.  Co.,  putting  the  mines  under  different  conditions  so 

as  to  obtain  data  for  each  fan  under  as  widely  marked  differences  of 

condition  of  mine  as  possible.     These  observations  of  water-gauge 

and   volume  of  air  yielded  were  then   reduced   to  the  common 

periphery-speed  of  6568  feet  per  minute,  and  tho, equivalent  orifices 
VOL.  XX. — 43 
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were  calculated  bj  M.  Murgae's  formula.  With  these  equivalent 
orifices  as  abscissas,  and  the  volumes  of  air  and  water-gauges  as  ordi- 
nates,  two  sets  of  curves  were  plotted,  giving  the  characteristic  curves 
of  each  fan. 

From  the  data  given  in  Mr.  Norris's  Table  of  Fan-Experi- 
ments, these  same  values  were  calculated  for  nearly  all  of  the  fans 
given  in  the  table,  and  they  have  been  plotted  on  the  same  diagram. 
Most  of  them  being  given  in  the  table  under  but  one  condition  of 
the  mine,  their  curves  could  not  be  obtained  ;  but  it  may  be  interest- 
ing to  note  that  the  varions  fans  of  about  the  same  size  and  type  form 
curves  about  such  as  might  be  expected  for  their  type,  the  differing 
methods  of  air-measurements  probably  accounting  for  nearly  all  the 
irregularities. 

The  D.  L.  and  W.  fans  tested  were  the  Holden ;  a  Guibal,  26  feet 
in  diameter,  8  feet  wide;  the  Bellevue  "  0|>en,''  16  feet  in  diameter, 
4  feet  6  inches  wide;  and  the  same  fan  with  casing,  called  ^'Spiral 
No.  2,'^  (see  page  660),  which  also  shows  the  casing  and  construction 
of  the  other  two  fans  (Figs.  13  and  16);  and  the  Dodge,  exactly 
like  the  Bellevue  "  Open." 

Referring  to  the  diagram  given  herewith,  it  i^ill  be  noticed  that 
the  curves  of  Bellevue  **  Open  "  and  Dodge,  if  produced  to  meet, 
form  one  curve,  with  such  variations  only  as  might  be  expected 
from  the  method  of  air-measurement  (see  page  669).  This  gives  a 
curve  for  the  16-foot  open  fan  covering  a  wide  range  of  conditions 
of  the  mine,  represented  by  equivalent  orifices  varying  from  43  to 
108  square  feet.  A  measurement  taken  on  another  fan  of  this  type, 
giving  an  equivalent  orifice  of  over  200  square  feet,  also  falls  on  this 
curve  produced,  but  outside  of  the  limits  of  the  diagram. 

Although  the  efficiency  of  Bellevue  Spiral  No.  2  seems  to  he  con- 
siderably higher  than  that  of  the  same  fan  open,  its  curves  would 
seem  to  indicate  that  an  enclosed  fan  of  its  diameter  was  not  large 
enough  for  mines  giving  as  large  equivalent  orifices  as  Bellevue,  for, 
as  the  orifice  increases,  the  volume-curve  is  more  widely  separated 
from  that  of  the  open  type.  This  Bellevue  fan  was  tested,  both  Open 
and  with  Spiral  No.  2,  with  the  intake  to  the  fan  closed,  giving  the 
water-gauges  shown  with  zero  equivalent  orifice  and  no  volume.  It 
will  be  seen  that  the  enclosed  fan  gave  a  much  higher  initial  water- 
gauge,  and  it  will  also  be  noted  that  the  open  fan,  when  working  on 
an  equivalent  orifice  of  43  square  feet,  showed  higher  water-gauge 
than  when  passing  no  air.  Further  tests  of  the  open  fan  passing  no 
-  air  showed  that  the  water-gauge  did  not  increase  in  proportion  to 
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tbe  square  of  the  speedy  thus  proving  re-entranoe  of  air  between  the 
fan-blades. 

The  Holden  fan^  with  observations  taken  ander  raine-oonditioiB 
varying  from  54  to  114  square  feet  equivalent  orifioe,  gives  a  very 
regular  curve;  but  the  volume  for  the  large  orifice  coald  probably 
be  increased  by  a  change  in  the  casing  giving  a  larger  dischai^ 
chimney.  The  proportions  of  the  casing  of  fan  No.  15  are  probably 
more  nearly  correct  for  such  large  volumes. 

The  high  efficiency  shown  for  fan  No.  15,  and  the  high  p(»itiofl 
of  its  volume  and  water-gauge  on  the  diagram,  make  it  appear  as  the 
best  of  the  fans  given ;  and  it  is  to  be  regretted  that  we  have  not 
observations  of  its  work  under  other  conditions  of  the  mine. 

Fan  No.  12  is  the  only  one  in  Mr.  Norris's  table  which  was  tested 
under  different  conditions  of  mine,  and  with  it  we  may  also  consider 
No.  11,  which  is  of  the  same  type  (Capell)  and  about  the  same  size. 
The  water-gauge  and  volume  of  fan  No.  11,  plotted  on  the  diagram, 
fall  on  the  prolongation  of  the  curve  of  No.  12.  Judging  from  tbe 
diagram,  and  from  the  efficiencies  given  by  Mr.  Norris,  this  type  of 
fan  is  not  as  good  as  the  ordinary  Guibal. 

Taking  up  the  remaining  fans  of  Mr.  Norris's  table,  and  grouping 
those  of  the  same  size  and  similar  construction,  we  get  first  the  curves 
formed  by  Nos.  1,  2,  and  16,  all  Guibals,  20  feet  in  diameter.  Here, 
while  there  are  some  differences  in  the  construction,  notably  tbe 
casing  of  No.  16,  the  curves  which  are  obtained  may  be  taken  as 
those  of  this  type  of  fan. 

Nos.  3,  4,  and  13  (25  foot  Guibals),  while  they  have  some  slight 
differences  in  form  of  blades,  we  should  expect  would  form  a  curve 
closely  approaching  that  of  the  last  group;  but  No.  3  seems  to  be 
much  better  adapted  for  the  work  it  is  doing  than  the  other  two,  and 
this  makes  the  curve  insular. 

Nos.  8,  9,  and  14  (35-foot  Guibals)  have  slight  differences  in  the 
casings;  and  from  the  resulting  curve  it  would  seem  that  No.  8  was 
preferable  to  No.  9 ;  but  as  the  latter  shows  the  higher  efficiency,  it 
is  possible  that  there  are  errors  in  the  air- measurements  which  would 
account  for  the  variation  in  the  curve. 

No.  22,  although  of  the  same  size  as  Nos.  1,  2,  and  16,  does  not, 
on  the  smjiller  orifice,  api)ear  to  do  as  well  as  we  should  expect  of 
them.  The  shape  of  the  blade  is  quite  different,  as  is  also  the 
discharge-chimney,  and  probably  both  affect  the  performance  of 
the  fan. 
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Fan  No.  25  appears  to  give  remarkable  results  on  very  small 
orifice,  and  No.  6  also  seems  to  be  doing  well. 

From  the  diagram,  there  seems  to  be  no  doubt  that  the  Guibal 
gives  the  best  results  of  the  three  types  taken  up;  but  there  appears 
such  a  wide  variation  among  the  performances  of  the  various  forms 
of  this  type,  with  very  slight  differences  in  blades  and  casing,  that 
it  will  require  a  large  number  of  experiments  with  these  various 
forms  to  determine  which  is  the  best. 

It  seems,  however,  as  though  it  must  be  perfectly  clear  that  the 
method  of  comparison  which  Mr.  M urgue  has  suggested  is  appli- 
cable to  bring  to  a  common  basis  the  experiments  at  all  mines;  and 
that  there  is  not  the  necessity,  as  seems  to  be  the  opinion  of  many  of 
the  prominent  engineers  of  the  coal-regions,  of  having  all  types  and 
forms  of  fans  tested  on  the  same  mine.  If  this  method  is  accepted, 
there  should  be  nO  trouble  to  obtain  sufficient  data  from  the  different 
existing  fans  to  warrant  the  determination  of  the  best  form. 

It  is  hoped  that  the  few  comparisons  here  made  may  serve  to  show 
the  value  of  this  method,  and  that  we  may  have  experiments  in  the 
future  not  merely  on  various  speeds  of  the  fan,  but  with  the  condi- 
tion of  the  mine  changed,  so  that  the  results  may  show  not  only 
what  each  fan  will  do  on  its  own  particular  mine,  but  on  any  mine. 
The  comparison  and  discussion  of  these  results  should  indicate  the 
best  form. 


TEE  TESTS  AND  REQUIREMENTS  OF  STRUCTURAL 

WROUQHTIRON  AND  STEEL. 

BY  ALFRED  E.    HtJNT,   PITTSBURGH,  PA. 

(Glen  Summit  Meeting,  October,  1891.) 

This  paper  is  suggested  by  the  appointment  on  the  part  of  the 
American  Societies  of  Mechanical  and  of  Civil  Engineers  of  com- 
mittees upon  the  subjects  of  "  Standard  Tests  and  Methods  of  Test- 
ing," and  "  Uniform  Methods  of  Tests  of  Material  used  in  Metallic 
Structures,"  re8i)ectively,  and  by  a  study  of  the  report  of  one  of 
these  committees,  and  other  papers.  Moreover,  the  writer  has  had 
frequent  occasion  to  hear  the  complaints  of  manufacturers  who  fur- 
nish structural  material  subject  to  specifications,  that  in  the  tests 
prescribed,  the  number  of  tests  required,  and  the  methods  of  making 
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them  and  interpreting  their  results,  engineers  of  design,  who  for  the 
most  part  draw  the  specifications^  do  not  sufficiently  avail  them- 
selves of  the  experience  of  'Hhe  practical  mill-men/'  and  are  not 
themselves  sufficiently  acquainted  by  experience  with  the  details  of 
the  work  to  frame  intelligently  their  requirements  of  the  structural 
material  that  they  order. 

Most  structural  iron  and  steel  is  ordered  from  the  mills  by  the 
bridge-maker,  boiler-manufacturer,  or  other  contractor,  with  whom 
the  engineer  only  comes  in  actual  business  contact;  and  often  be- 
tween the  engineer  and  the  mill-manager  another  middle-man,  ^^  the 
commission  agent,"  intervenes.  The  inspector  under  such  contracts 
not  infrequently  hears  the  engineers  who  are  the  authors  of  specifica- 
tions talked  about  as  'tyrannical/' '' impracticable," or  '* insatiable*' 
in  their  ever  more  and  more  rigid  requirements,  and  as  clothed 
with  unjust  power  over  the  business  rights  of  the  manufacturers  of 
structural  material. 

Such  animadversions  are  injurious,  and  sometimes  dangerous,  to 
both  interests  involved.  They  are  liable  to  lead  to  a  lowering  of 
standards  of  int^rity  among  subordinates  who  have  direct  chai^  of 
the  work  of  manufacture,  tests  and  shipments  of  material.  These  sob- 
ordinates  sometimes  gather  from  such  incautious  statements  the  notion 
that  it  is  '^  smart "  and  for  the  interest  of  their  employers  and  them- 
selves to  deceive  the  inspectors,  and  to  ship  material  that  will  bot 
answer  the  specifications,  in  the  place  of  that  which  the  manufacturer 
has  honestly  agreed  to  furnish.  It  need  not  be  argued  that  such  a 
course  will  bring  upon  iron  and  steel  manufacturing  concerns,  no 
matter  how  large  or  powerful,  disaster  measured  only  by  the  failure 
of  the  structures  to  which  their  defective  material  may  have  contrib- 
uted, and  that  decisive  steps  must  be  taken  to  eradicate  both  the  fault 
and  its  cause. 

On  the  other  hand,  by  reason  of  the  sharp  competition  and  the 
difficulties  of  concerted  action  among  manufacturers,  there  is  often 
little  scanning  of  the  demands  for  tests  and  their  requirements  unHl 
after  the  contracts  have  been  closed;  and  then  the  engineer,  upon 
being  appealed  to  for  modifications,  often  looks  upon  such  efforts 
very  properly  as  attempts  to  lower  the  actual  quality,  and  probably 
the  cost,  of  the  material  to  be  furnished,  matters  which  he  thinks 
should  have  been  called  to  his  attention  before  the  acceptance  of  the 
contract,  but  not  after. 

The  iron-  and  steel-manufacturers  and  their  mill-managements 
are  more  largely  represented  in  the  American  Institute  of  Mining 
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Engineers  than  in  either  of  the  other  societies  referred  to,  who  now 
have  comraittees  considering  the  subject  of  tests  of  structural  mate- 
rials, and  it  is  hoped  that  such  members  of  the  Institute  will  con- 
tribute, either  by  discussion  of  this  i>aper  or  by  separate  papers  on 
the  subject,  the  results  of  their  experience.  Their  views  will  un- 
doubtedly receive  careful  consideration,  not  only  from  the  committees 
referred  to,  but  from  the  engineering  profession  at  large,  which  is 
watching  with  interest  the  progress  of  the  work  of  those  bodies. 
Very  probably  the  subject  of  standard  tests  and  methods  of  testing 
will  come  up  for  international  discussion  at  the  proposed  (Congress 
of  Engineers  in  connection  with  the  World's  Columbian  Exposition 
in  1893,  which  furnishes  an  additional  reason  for  presenting  at  this 
time  some  suggestions  concerning  it. 

The  following  propositions  will  be  either  immediately  obvious  or 
evident  upon  reflection : 

I.  The  specifications  for  tests  of  structural  material  should  furnish 
all  necessary  means  for  excluding  all  material  deemed  unsuitable  by 
the  engineer. 

II.  All  testing  costs  money,  which  ought,  either  by  special  pro- 
vision or  by  addition  to  the  selling  price,  to  be  paid  by  the  pur- 
chaser. In  general,  no  doubt,  this  cost  is  practically  added  to  (or, 
rather,  included  with  other  expenses  in)  the  selling  price  by  th6 
manufacturer;  consequently  the  number  of  tests  and  the  severity  of 
interpretation  applied  to  their  results  should  be  limited  by  the 
engineer,  just  as  far  as  this  can  be  done  without  sacrificing  the  first 
principle  above  stated.  This  he  should  do  for  the  sake  of  that  rea- 
sonable economy  which  he  is  in  duty  bound  to  secure  for  his  clients. 

III.  Besides  the  direct  increase  of  cost  by  unnecessary  tests  and 
too  rigid  requirements  there  is  another  waste  of  money,  through 
waste  of  time.  Material  rejected  must  be  replaced  before  work  can 
be  completed,  or  perhaps  even  commenced,  at  the  shops  where  it  is 
to  be  fabricated  into  finished  structures.  Such  delays  are  often 
tedious  and  expensive,  even  when  the  rejections  causing  them  are 
entirely  justifiable.  Often  the  consumer  must  await  the  time  when 
the  proper  rolls  will  again  be  in  place  for  the  same  class  of  material ; 
and  rarely,  if  ever,  do  the  terms  of  the  contract  secure  to  him  ade- 
quate compensation  for  the,  possibly  very  serious,  losses  thus  occa- 
sioned through  the  vigilance  of  his  own  agent,  the  inspector.  Of 
course,  when  excessive  rejections  and  consequent  delays  are  the  result 
of  unreasonable  and  perhaps  ignorant  or  conceited  severity  on  the 
part  of  the  inspector,  the  mill-manager  is  tempted  to  regard  with 
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^  great  complacency  the  consequent  embarrassments  of  an  engineer  or 

boiler-maker  or  bridge-builder  under  a  time-forfeit. 
y  The  writer  offers,  from  the  standpoint  of  somewhat  extended  ex- 

perience as  an  inspector  of  structural  materials,  some  suggestions, 
directed  to  the  following  points : 

I.  What  tests  are  usually  made  to  determine  the  quality  of 
structural  material? 

II.  The  number  of  tests  required. 
III.  In  what  cases  more  than  one  test  should  be  made  or  allowed 
before  decision  is  reached. 

lY.  The  way  in  which  tests  should  be  made. 
V.  The  interpretation  of  the  tests  and  test-requirements. 
VI.  What  material  the  tests  should  cover. 
VII.  The  jurisdiction  of  the  inspector  over  rejected  material. 
VIII.  The  jurisdiction  of  the  inspector  over  accepted  material. 
IX.  The  right  and  duty  of  the  inspector  to  note  and  report 
upon  methods  of  manufacture. 

On  all  these  subjects  there  has  been  much  controversy,  and  there 
still  remains  fair  room  for  discussion.  The  writer's  views  are  sub- 
mitted with  the  hope  that  divergent  opinions  also  may  be  fully  set 
forth. 

I.  What  Tests  Are  Usually  Made  to  Determine  the 
Quality  of  Structural  Material? 

TenMe  testSf  including  the  elastic  limit  and  ultimate  strength 
per  square  inch,  as  measures  of  the  strength  and  tenacity,  together 
with  the  percentage  of  elongation  and  reduction  of  area  as  measures 
of  the  ductility,  are  agreed  upon  by  all  as  the  best  physical  tests,  all 
things  considered,  to  determine  the  quality  of  structural  wrought- 
iron  or  steel.  They  are  often  necessarily  expensive,  owing  to 
the  cost  of  preparing  test-specimens  by  means  of  planers,  slotters, 
milling-machines,  or  lathe-tools,  from  sections  which  may  be  either 
too  large  or  too  irregular  to  be  pulled  in  full  size.  In  the  writer's 
judgment,  cheaper  and  more  quickly  prepared  tests  can  be  advan- 
tageously used  as  a  substitute  for  a  part  omiy  of  these  more  expensive 
tensile  tests.  They  have  also  the  advantage  of  affording  check  and 
corroborations,  not  likely  to  be  subject  to  errors  that  might  con- 
tinuously occur  with  one  method  of  testing. 

The  determination  of  the  modulus  of  elasticity  in  connection  with 
tensile  tests  adds  much  to  the  time,  labor  and  skill  required,  and  is 
now  seldom  required  as  a  measure  of  the  quality  of  the  metal.   It  is 
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generally  used  only  as  a  special  test  in  determining  the  applicability 
of  varying  materials  which  are  to  be  used  together  in  the  same 
members  of  a  strncture. 

The  other  tests^  commonly  used  in  the  best  practice  to-day,  are 
outlined  below. 

Annealed  tensile  testa  of  forged  work,  and  of  all  material  subject 
to  subsequent  annealing  after  t€et-specimens  have  been  taken,  are  now 
called  for.  That  is,  a  series  of  tensile-tests  is  required  of  specimens 
carefully  annealed  before  being  prepared  for  pulling  in  the  testing- 
machines;  these  tensile  results  to  be  compared  with  those  of  tests 
made  upon  specimens  in  their  original  condition. 

This  seems  to  be  an  excellent  provision,  and  the  writer  would 
suggest  that,  for  tension-bars,  of  low  steel  at  least,  a  suitable  num- 
ber of  annealed  test-specimens  should  be  pulled  in  tension,  to  ascer- 
tain the  normal  tensile  strength,  since  a  considerably  higher  strength 
may  be  imparted  to  steel  by  cold-rolling,  but  will  be  lost  in  such  a 
subsequent  annealing  as  bridge-members  receive  after  the  eye-bars 
are  made  up.  To  determine  the  tensile  strength  which  can  be  de- 
pended upon,  therefore,  the  test-bars  should  be  pulled  annealed  as 
well  as  uf  annealed. 

The  drifting-test,  by  striking  with  a  sledge  upon  a  steel  drifting- 
pin  in  punched  holes,  and  noting  the  size  to  which  these  holes  can 
be  enlarged,  under  different  circumstances,  without  fracture  of  the 
material,  is  a  practical  test  that  shows  the  actual  behavior  of  the 
ipetal,  and  can  be  made  upon  scrap  pieces  without  wasting  merchant- 
able stock,  and  without  expensive  machine-shop  work  upon  t||e  test- 
specimens.  A  hole  punched  for  a  f-ineh  rivet,  its  center  being  1^ 
inches  from  the  rolled  or  planed  edge,  is  required  to  be  capable  of 
enlargement  in  this  way  without  fracture  of  the  metal,  until  it  will 
pass  a  rod  of  the  diameter  of  1  inch  for  wrought-iron,  1^  inches  for 
bridge-steel  and  1^  inches  for  boiler-plate  steel. 

The  writer  believes  this  should  be  one  of  the  standard  tests  of 
wrought-iron  and  steel  plate  and  shapes.  It  presents  the  further 
advantage  that  exact  data  can  be  obtained  for  records  regarding 
it,  and,  when  desired,  specimens  themselves  can  be  kept  conveni- 
ently, stamped  with  the  melt-number  and  other  identifying  marks, 
as  a  record  of  the  quality  of  the  material.  This  test  is  not  upon 
the  list  of  standard  tests  proposed  upon  pages  514  and  615  of 
the  '^  Report  of  the  Committee  on  Standard  Tests  and  Method  of 
Testing,'^  of  the  American  Society  of  Mechanical  Engineers. 

The  bending-test  for  soft  structural  steel  is,  by  itself,  not  a  crucial 
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/tRt  of  quality.  I  have  found  many  specimens  thai,  pulled  in  a 
testing-machine,  were  werj  brittle  and  crystalline  in  fracture,  yet 
under  the  bending-test  the  bar  vtrould  come  over  upon  itself  tbroagh 
an  angle  of  180^  without  fracture.  Most  steel,  of  less  than  68,000 
pounds  tensile  strength,  and  under  f-inch  thick,  will  bend  down 
double  over  itself,  if  the  specimens  have  planed  edges,  and  sound 
specimens  are  taken  to  start  with.  At  the  same  .time,  the  bending- 
test  is  properly  regarded  by  engineers  as  one  of  the  important  cor- 
roborative tests  for  both  wrought-iron  and  steel. 

Uie  nicked  bending-test  for  wrought-iron  is  believed  to  be  impor- 
tant, and,  in  all  good  inspection,  it  is  regularly  made  and  carefully 
recorded  as  an  evidence  of  quality.  The  conditions,  however,  under 
which  nicked  bending-tests  are  made,  have  much  to  do  with  the 
results.  These  conditions  should  be  made  as  nearly  as  possible  uni- 
form, in  order  that  their  interpretation  may  be  facilitated.  The 
temperature  at  which  the  nicked  bending  fracture  is  made  is  an 
important  factor.  At  low  temperatures,  as  has  been  proved,  most 
irons  appear  more  crystalline  than  they  do  under  ordinary  summer 
temperatures.  It  need  hardly  be  remarked  here,  that  the  nicked 
bending-test  is  not  applicable  to  steel  except  under  special  condi- 
tions, as  in  rivets. 

For  rivet-rods,  one  of  the  best  tests  is  actually  to  rivet  up  some 
work  with  them,  then  cut  the  rivets  out,  and  see  that  they  cut  oat 
tough  and  silky  in  the  case  of  steel,  or  fibrous  in  the  case  of  iron. 
Kivet^steel  rods  should  not  have  over  60,000  pounds  per  square  incik 
tensile  strength,  and  should  forge  successfully  at  a  red  heat. 

Where  steel  scrap  is  used  with  iron,  in  wrougiit-iron  plates  and 
shapes,  the  nicked  bending-test,  nicking  to  various  depths  of  the 
section  before  bending,  is  usually  the  best  way  of  ascertaining  the 
soundness  of  the  welds,  and  may  be  recommended  for  frequent  em- 
ployment. 

The  hardening-  or  quenching-testa  of  low-carbon  structural  steels 
prescribed  by  the  Committee  of  the  American  Society  of  Mechanical 
Engineers  (page  14  of  the  Report),  seem  to  the  writer  to  be  of  doubt- 
ful utility,  except  when  very  carefully  made,  and  upon  steels  likely 
to  be  subjected  to  similar  treatment  in  actual  practice,  such  as  fire- 
box steel,  some  steel  rivets,  etc.  In  my  experience,  some  data  of 
which  are  published  in  Tranaaotions,  xiL,  pp.  316,  316,  all  steel,  no 
matter  how  low  in  carbon,  will  harden  more  or  less,  as  shown  by 
tension  tests  in  a  testing-machine ;  the  amount  depending  upon  not 
only  the  ''  hardness  "  in  the  steel,  but  also  the  temperature  to  which 
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it  is  heated  and  the  character  of  the  solution  into  which  it  is  plunged 
to  quench  it.  Unless  all  these  conditions  be  very  carefully  kept 
uniform^  the  general  experience  is^  that  conflicting  results  will  be 
obtained  from  qnenohing-tests. 

In  this  connection,  it  may  be  pointed  out  that  the  test  prescribed 
in  some  specifications  that  steel,  having  a  tensile  strength,  in  many 
cases,  of  from  64,000  to  70,000  pounds  per  square  inch,  and  in 
some  cases  of  from  60,000  to  68,000  pounds,  shall  be  capable  in 
test-specimens  of  bending  double  on  itself  after  being  heated  to  ^'  an 
intense  red  heat,"  or  to  a  "  cherry-red  heat,"  and  then  plunged  into 
water,  is  very  unsatisfactory,  because  the  temperature  to  which  the 
specimen  has  to  be  heated  is  difficult  to  determine,  and  yet  small 
differences  in  this  temperature  have  much  to  do  with  the  endurance 
of  the  steel  under  the  test. 

The  bidging-test  recommended  by  Kirkaldy,  though  not  often 
used  in  this  country,  is  a  useful  practical  measure  of  the  ductility  of 
the  metal,  and  especially  adaptable  for  testing  of  soft  flange-steel. 
A  sheet  somewhat  larger  than  the  diameter  of  the  dies  being  pressed 
through  them,  the  energy  actually  expended  and  the  amount  of 
bulging  of  the  plate  through  the  dies  under  the  given  pressure,  give 
an  excellent  measure  of  the  metal's  ductility.  The  pressure  upon 
the  dies  being  exerts  by  the  moving  plate,  or  plunger,  of  an  ordi- 
nary testing-machine,  its  amount  can  be  measured.  This  is  a  very 
easy,  quick,  and  not  at  all  expensive  test,  and  the  actual  specimens 
may  be  preserved  as  a  valuable  record  of  the  facts. 

Oompremon-'teista  are  not  usually  called  for  as  methods  of  deter- 
mining the  quality  of  wrought-iron  or  steel.  Since  the  factor  of 
ductility  does  not  largely  or  primarily  enter  into  such  tests  as  com- 
monly performed,  they  are  by  no  means  crucial  or  conclusive  as  to 
quality.  Metal  like  cast-iron,  for  instance,  will  give  better  results 
under  compression  than  good  soft  steel. 

Cold-farging  tests  have  been  included  in  some  specifications  which 
have  required  that  a  bar  one-half  inch  square  be  found  capable  of 
being  forged  down  cold  to  a  thin  flat  edge.  Much  depends  on  the 
skill  of  the  smith  who  does  the  work ;  and  as  there  are  easy  ways  of 
evading  the  requirements  of  the  specification,  the  test  is  seldom  used, 
and  the  writer  believes  it  is  of  doubtful  utility. 

Hot-forging  tests  of  metal  to  be  used  for  special  purposes,  and  as 
direct  practical  trials  of  the  fitness  of  the  metal  for  the  work  re- 
quired of  it,  are  often  employed,  and  seldom  objected  to. 

The  toetding-ted  is  another  practical  trial  of  wrought-iron  gener- 
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confessed  to  be  reasoDable  where  the  metal  is  destined  to  be 

ilded  in  actual  use. 
/  Kirkaldy,  in  his  new  work  on  testing,  sajs  that  comparisons  of 

speciJiG  gravity  furnish  an  accurate  method  of  determining  the  rela- 
tive qualities  of  structural  material.  The  writer's  experience  h^ 
/not  been  very  large  in  this  matter^  as  the  specific-gravity  test  is  not 
an  ordinary  one  for  structural  steel  and  iron ;  but  from  that  experi- 
ence he  believes  that  in  order  to  compare  and  generalize  upon  such 
/  determinations,  the  observer  must  have  made  them  upon  specimens 

treated  under  exactly  similar  conditions.  This  condition  being  ful- 
filled, specific-gravity  determinations^  being  relatively  inexpensive 
and  quickly  made  with  the  proper  apparatus,  may  be  found  excellent 
tests  of  structural  material.  The  subject  certainly  deserves  further 
consideration. 

Specifications  for  most  kinds  of  structural  iron  and  steel  which 
require,  in  addition  to  tensile  and  other  physical  tests,  full  chemieal 
analyses  of  the  metal,  showing  a  given  chemical  constitution  within 
very  narrow  limits  of  variation,  are  manifestly  too  severe  for  reason- 
able economy,  except  in  special  cases,  where  the  importance  of  se- 
curing a  metal  exactly  like  previous  standards  overbalances  any 
question  of  the  considerably  increased  expense  involved.  Steel  for 
the  machinery  of  locomotives  and  other  rolling-stock  is  an  instance 
in  point. 

Inevitable  variations  in  the  raw  material,  the  process  of  manufac- 
ture, and  the  amount  and  methods  of  manipulation  from  the  pile, 
bloom,  or  ingot  to  the  finished  material,  preclude  the  certainty  of 
obtaining  always  the  same  tensile  tests  with  the  same  chemical  analy- 
sis. For  example,  a  considerably  higher  percentage  of  carbon  is  re- 
quired in  the  very  low-phosphorus  boiler-plate  and  other  structural 
steel  made  by  the  basic  process  to-day,  to  give  the  same  tensile 
strength  as  that  of  similar  metal  made  by  the  aoid  process.  The 
same  remark  applies  to  open-hearth  steel  largely  made  from  soft 
direct-made  bloom-iron,  such  as  the  product  of  the  Carbon  Iron 
Company  of  Pittsburgh,  or  from  soft  puddled  blooms,  as  compared 
with  the  metal  made  from  hard  steeUcrap  stock.  Except  where  the 
larger  deflection  under  transverse  loads  becomes  a  serious  factor,  the 
softer  steel  is  better,  and  I  believe  it  can  be  more  safely  trusted  under 
higher  unit-strains  than  the  metal  with  a  greater  strength  and  greater 
apparent  factor  of  safety.  In  this  particular,  the  common  engineer- 
ing practice  and  reasoning  seem  to  me  erroneous,  especially  where  the 
metal  is  to  be  heated  and  forged  locally,  as  in  eye-bars,  or  where  it 


STRUCTURAL  WROUGHT-IRON  AND  STEEL.  685 

18  to  lie  subject  to  alternate  heating  and  perhaps  sudden  cooling,  as 
in  fire-box  steel.  In  such  cases,  steel  below  64,000  pounds  per  square 
inch  in  tensile  strength  can  be  safely  trusted,  in  the  writer's  judg- 
ment, with  a  higher  unit-strain  than  metal  of  higher  ultimate 
strength  obtained  by  running  the  carbon  over  0.18  per  cent. 

As  outlined  above,  there  are  reasons  which  may  justify,  under  some 
circumstances,  where  high  ultimate  strength  is  required,  the  prescrip- 
tion of  a  carbon-test  with  a  maximum  allowable  limit.  It  should 
be  said,  also,  that  very  soft  steel,  as  ordinarily  made  by  the  open- 
hearth  or  the  Bessemer  processes,  becomes  seamy,  open,  and  unsound 
if  below  .07  per  cent,  in  carbon.  Again,  in  some. cases,  where  the 
metal  will  be  subjected  to  considerable  forging,  a  sulphur-require- 
ment, with  a  maximum  of  .04  per  cent,  for  steel  and  .05  per  cent, 
for  wrought-iron,  is  advisable.  But.  under  ordidary  conditions,  this 
matter,  as  well  as  that  of  the  other  chemical  constituents,  with  the 
exception  of  the  phosphorus  in  steels,  can  be  safely  and  most  wisely 
left  to  the  manufacturer's  own  judgment  of  his  product,  and  of  the 
chemical  formula  that  will  (together  with  skilful  manipulation  in 
manufacture)  give  the  required  physical  qualities.  With  regard  to 
phosphorus,  however,  there  is  strong  reason  for  specifying  and  limit- 
ing it  in  structural  steel,  for  it  has  been  found  that  more  than  0.10 
per  cent,  of  this  elemeut  greatly  increases  the  chances  of  failure  under 
the  physical  tests,  while  steel  containing  less  than  0.08  per  cent,  of 
phosphorus  gives  much  more  uniform  results  physically  than  higher- 
phosphorus  metal.  Since  the  percentage  of  phosphorus  in  the  stock 
from  which  acid  steel  is  made  determines  largely  (in  inverse  propor- 
tion) its  relative  cost,  the  manufacturer  is  tempted  to  let  the  phos- 
phorus run  near  the  danger-line,  and  often  this  economy  is  carried  to 
a  point  that  involves  a  positive  loss,  by  reason  of  the  increased 
amount  of  rejections  thus  occasioned.  In  order  to  put  all  parties 
upon  an  equal  basis  in  bidding,  as  well  as  to  secure  a  safeguard 
against  cold-short  metal,  a  maximum  phosphorus-limit  is  now  almost 
universally  made  for  steel,  0.10  per  cent,  being  the  most  lenient,  0.08 
per  cent,  the  more  rigid  requirement  for  acid  steel.  For  basic  steel, 
it  has  been  considered  wise  to  determine  the  phosphorus  in  each  melt 
in  order  to  know  that  the  basic  slag  has  performed  its  function  prop- 
erly. Many  engineers  demand  less  than  0.05  per  cent,  in  basic 
steel  where  they  allow  .08  per  cent,  in  acid  steel  of  less  than  68,000 
pounds  per  square  inch  tensile  strength.  This  extra  requirement  is 
based  upon  the  supposition  that,  unless  very  high-phosphorus 'ferro* 
manganese  be  added,  or  there  be  some  improper  treatment  in  the  last 


STBUCrnRAL  WROnOHT-IBON  AND  STEEL. 

of  the  heat,  which  restores  a  portion  of  the  phoephoms  4o  the 
a],  phosphorus  ought  to  fall  below  .05  percent,  in  properly-made 

J  iic  open-hearth  or  Bessemer  steel  of  less  than  0.20  per  cent,  carbon. 

A  considerable  number  of  specifications  made  within  the  past  few 
years  for  bridge-steel  have  discriminated  against  Bessemer  steely  engi- 
neers preferring  to  pay  the  larger  price  for  the  greater  average  nni- 

J  formity  of  open-hearth  metal.    Many  specifications  give  a  prefer- 

ence to  open  hearth  steel  by  fixing  the  phosphorus-limit  at  .08  per 

/  cent,  for  acid  open-hearth  and  .05  per  cent,  for  basic  open-hearth  and 

for  Bessemer,  whether  acid  or  basic.  This^  as  explained  above,  is 
not,  however,  a  i^ipulation  against  basic  open-hearth  steel,  for  it  has 
been  found  that  no  rejections  are  occasioned  by  the  .05  per  cent,  limit 
for  such  metal. 

A  phosphorus-limit  in  wronght-iron  has  been  sometimes  called 
for ;  bat  it  is  only  when  the  amount  actually  existing  in  the  metal 
as  a  phosphide  is  separated  from  the  phosphorus  existing  as  a  phos- 
phate in  the  contained  slag  of  the  wrought-iron  that  any  intelligent 
discrimination  can  be  based  upon  the  phosphorus-test.  In  the  writer's 
opinion,  it  is  not  required  as  a  means  of  distinguishing  good  struo- 
tural  wrought-iron  from  bad,  and  is  not  to  be  recommended.  In 
most  cases,  where  it  is  found  in  a  specification,  the  author  has  prob- 
ably reasoned  by  analogy  that  because  the  phosphorus-requirement 
is  wise  for  steel,  it  should  be  applied  to  wrought-iron.  This  reason- 
ing fails  to  recognixe  the  chemical  difficulty  of  accurate  determina- 
tions, and  ignores  the  practical  sufficiency  of  the  nicked  bending- 
tests  for  indicating  cold-shortness  in  wrought-iron. 

II.  The  Number  of  Tests  Reqcjired. 

No  definite  rule  can  be  laid  down  as  to  the  number  of  tests  re- 
quired to  determine  the  exact  quality  of  a  lot  of  material.  If  the 
material  be  steel,  of  practically  one  uniform  section,  and  made  by  a 
single  process,  which  is  reasonably  uniform  in  its  operation,  one  ten- 
sile and  one  bending-test  for  each  melt  of  steel — that  is,  for  each 
open-hearth  heat  or  Bessemer  blow — ^is  usually  considered  sufficient. 
Should  the  sections  vary,  or  the  ingots  be  of  different  sixes,  requiring 
more  or  less  work  on  the  steel,  each  such  materially-varying  section 
should  have  a  tensile  and  a  bending-test.  Should  there  be  a  suspi- 
cion that  any  portion  of  the  material  has  been  burned  in  re-heating 
for  rolling  or  hammering,  of  course  extra  tests  will  be  required.  A 
provision  incorporated  in  the  Standard  Bridge-Builders'  Specifica- 
tions by  interested  parties  requires  for  each  contract  only  foar  ten- 
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sile  tests^  and  one  additional  test  for  each  50,000  pounds  of  material, 
not  taking  into  account  the  possible  non-homogeneity  of  the  lot  thus 
arbitrarily  lumped  together.  But  the  absurdity  of  this  device  for 
saving  labor  and  expense  has  been  generally  recognized,  aud  it.  is 
practically  a  dead-letter  in  the  Standard  Bridge-Builders'  Specifica- 
tions to-day. 

The  advisability  of  keeping  melt-numbers  distinct  throughout  the 
manufacture  of  the  material,  and  stamping  them  upon  each  of  the 
finished  bars,  has  been  the  subject  of  considerable  controversy.  At 
most  of  the  structural  mills,  however,  it  is  now  deemed  important, 
not  only  to  the  inspector,  but  to  the  manufacturer,  as  facilitating  the 
intelligent  selection  of  material  from  stock  on  hand,  that  not  only 
the  original  ingots,  but  also  the  blooms  and  finished  material  rolled 
therefrom,  should  be  stamped  with  the  melt-numbers,  and  that  the 
records  of  each  melt  should  be  kept  so  clearly  that  all  required  data 
of  quality  can  be  readily  ascertained  at  any  subsequent  period. 

Good  open-hearth  or  Bessemer  steel  is  reasonably  homogeneous  as 
cast  into  ingots  in  each  melt,  but  the  quality  of  one  melt  by  no  means 
insures  that  of  the  next.  It  follows  that  the  only  satisfactory  method 
of  testing  finished  structural  open-hearth  or  Bessemer  steel  (short 
of  the  separate  testing  of  every  finished  piece  singly,  which  is,  as  a 
general  rule,  impracticable)  must  be  based  on  the  melts  as  the  units 
of  quantity,  and  hence  that  these  must  be  kept  separately  traceable 
with  the  utmost  certainty. 

The  advantages  of  this  system  should  be  at  once  apparent  to  manu^ 
facturers;  yet^  strange  to  say,  it  has  been  adopted  tardily  and  with 
reluctance  in  many  works. 

The  number  of  tests  required  for  wrought-iron  is  still  more  diffi- 
cult to  fix.  Not  only  does  the  raw  material  vary  greatly  in  quality, 
but  the  process  of  manufacture  without  fusion  does  not  offer  any 
guaranty  of  ultimate  approximate  homogeneity.  An  inspector  ac- 
quainted— as  he  ought  to  be — with  the  character  of  the  stock  used 
in  making  the  iron,  the  size  and  make-up  of  the  pile  from  which 
the  iron  is  rolled,  and  the  methods  of  manipulation  employed^ 
can  often  form  an  intelligent  judgment  of  the  metal  and  dispense 
with  many  tests  which  he  would  otherwise  require.  In  general, 
the  usual  practice  is  to  obtain  one  tensile,  one  bending-,  and  one 
nicked  bending- test  of  each  materially  variant  section,  mixture  of 
stock,  and  character  of  pile  in  each  lot  of  material  or  each  day's  work 
of  the  mills.  Such  tests  will  average  perhaps  five  or  six  to  the  car- 
load, the  number  varying  considerably,  according  to  circumstances. 
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Even  though  the  inspector  be  acquainted  with  the  work  and  satis- 
fied as  to  the  quality  and  uniformity  of  the  metal,  a  certain  number 
of  tests  for  each  job  is  required  as  a  matter  of  record  by  the  engineer 
for  whom  the  work  is  done.  Such  a  record  is  valuable^  not  only  in 
case  of  an  accident  to  the  structure  in  which  the  material  is  nlti- 
mately  placed,  but  also  in  questions  of  repairs  or  of  extra-loading. 
In  such  cases  it  is  essential  to  have  exact  data  regarding  the  quality 
of  the  material,  as  developed  by  the  inspector's  tests.  Many  parties 
also  insist  upon  such  records  for  personal  vindication  of  the  engineer 
or  the  corporation  he  represents  as  to  the  care  that  has  been  taken  to 
see  that  all  has  been  done  that  could  be  done  to  insure  good  quality 
in  the  material  furnished. 

III.  In  what  Cases  more  than  One  Test  should  be  Made 
OR  Allowed  Before  Decision  is  Reached. 

This  subject^  has  often  occasioned  much  controversy  at  the  mills. 
It  calls  for  tact  as  well  as  good  judgment  on  the  part  of  the  in- 
spector, who,  if  he  cannot  keep  both  the  respect  and  the  good  will 
of  the  mill  management,  has  largely  lost  his  usefulness  there. 
Manufacturers  claim  that  where  the  test-specimen  does  not  fairly 
represent  the  material  it  is  unjust  not  to  allow  a  second  trial  upon 
a  fairer  specimen.  On  the  other  hand,  some  engineers  instruct 
their  inspectors  that,  as  the  selection  and  preparation  of  the  test- 
specimen  rests  mainly  with  the  mill-people,  the  failure  to  obtain  a 
fair  specimen  is  due  to  their  own  carelessness  or  misfortune,  and 
second  tests  are  not  to  be  permitted.  The  objection  to  more  than 
one  test,  if  the  first  fails,  is  the  difficulty  of  deciding  which  repre- 
sents the  material  fairly,  or  of  finding  and  rejecting  that  part  of  the 
lot  which  the  faulty  test  did  represent,  and  of  being  sure  that  there 
is  not  more  of  the  same  class  of  faulty  material  in  the  lot,  which  will 
be  passed  by  undi8covere<t. 

The  first  test  sometimes  fails,  manifestly  because  the  specimen  has 
been  burned  or  has  been  cut  so  close  to  the  crop-end  as  to  include  a 
large  flaw;  or  it  has  been  unduly  hardened  by  water  on  being  sud- 
denly plunged  into  snow  or  ice  in  winter,  while  hot  from  the  rolls, 
as  sometimes  happens  to  the  ends  of  bars  by  careless  handling.  In 
such  cases  it  is  diffi(^ult  to  decide  wisely  and  justly  to  both  interests. 
At  mills  where  much  trouble  of  this  sort  occurs  fast  and  careless 
work  is  being  done,  and  the  reputation  for  this  bad  work  soon  be- 
comes known,  much  to  the  detriment  of  the  proprietors,  who  can 
only  regain  their  prestige  by  a  radical  change  in  their  methods, 
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which  usually  includes  changes  in  the  mill-management.  At  the 
same  time^  a  certain  amount  of  it  will  occur  at  the  best-regulated 
mills.  In  the  practice  of  the  writer,  when  additional  tests  are 
allowed^  either  the  first  test-specimen  must  have  been  manifestly,  in 
the  judgment  of  the  inspector,  erroneously  selected,  or  else  more  than 
one  satisfactory  additional  test  should  be  made  to  counterbalance  the 
evidence  of  the  first  and  to  prove  that  the  material  is  all  right.  It 
makes  a  great  deal  of  difference,  of  course,  what  the  result  of  the  de- 
fective test  indicates.  If  it  shows  badly-burned  material  or  non- 
homogeneous  steel  with  high  manganese  (from  the  ferro-manganese 
not  being  properly  mixed  in  it),  or  brittleness  from  almost  any  cause, 
it  is  only  in  exceptional  cases,  under  specially  peculiar  conditions, 
that  second  tests  should  be  allowed. 

The  general  rule  may  be  laid  down  that  if  more  than  one  test  is 
allowed,  where  the  first  shows  metal  that  should  be  rejected,  it  should 
be  only  in  cases  where  the  defective  material  represented  by  the  first 
test  can  be  identified,  and  where  a  further  series  of  tests  will  prove 
with  reasonable  certainty  that  there  is  no  more  of  the  defective  metal 
in  the  lot  represented. 

Of  course,  if  there  has  been  any  probability  of  error  in  making  the 
test  itself,  an  honest  inspector  will  make  a  second  one,  being  careful 
to  note  all  particulars  of  the  verifying  test,  including  the  means 
taken  to  secure  for  it  a  sample  as  nearly  as  possible  similar  in  all 
respects  to  the  first. 

IV.  The  Way  in  which  Tests  Should  be  Made. 

Tests  should  \ye  conducted  with  a  spirit  of  fairness  to  all  con- 
cerned, and  with  the  object  of  determining  the  quality  of  the  mate- 
rial in  the  prescribed  particulars,  which  have  been  specified  only  to 
secure  the  rejection  of  material  unfit  for  the  purpose  for  which  the 
metal  has  been  ordered. 

With  the  newer  forms  of  automatic  power  testing-machines  now 

largely  used,  there  is  very  little  opportunity  to  change  the  results  as 

recorded  by  the  machines.     If  the  specimens  themselves  are  properly 

prepared  and  placed  in  line  in  the  testing-machines,  the  chances  of 

error  are  few,  and  more  nearly  concern  the  manufacturer  than  the 

engineer.     Manufacturers  have  learned   that  improperly-prepared 

specimens  and  carelessness  on  the  part  of  those  who  work  and  keep 

their  testing-machines  in  order,  operate  most  severely  against  their 

own  interests.     It  is  the  present  experience  of  the  writer  that  there 
VOL.  XX.— 44 
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is  little  cause  for  complaint  at  the  structural  mills  throughout  the 
country  as  to  the  way  in  which  the  tests  are  made. 

Kirkaldy  strongly  recommends  determining  the  tensile  strength 
per  square  inch  of  the  frajdv/red  area,  rather  than  of  the  original 
area,  as  is  usually  done.  He  claims  for  his  proposal  the  advantage 
of  stating  the  tenacity  of  the  specimen  in  measures  of  the  ductility  of 
the  metal  as  well,  which  of  itself  is  a  good  argument.  The  matter 
involves  several  difficulties,  however,  beyond  that  of  changing  the 
custom  already  firmly  established.  To  express  the  elastic  limit  in 
terms  of  the  fractured  area  would  have  the  disadvantage  of  not  actu- 
ally showing  all  the  facts  regarding  the  specimen,  while  to  calculate 
the  elastic  limit  upon  the  original  area  and  the  ultimate  strength 
upon  the  fractured  area  would  lead  to  much  confusion.  Again, 
a  practical  difficulty  is  encountered  in  accurately  measuring  the 
fractured  area  for  this  purpose,  especially  in  the  case  of  wrought-iron, 
the  metal  being  liable  to  open  up  somewhat  at  the  welds  in  fracture. 
Again,  specimens  sometimes  break,  not  at  the  point  of  greatest  reduc- 
tion of  area. 

The  disadvantages  of  the  system  seem  to  more  than  counterbalance 
any  possible  advantage. 

V.  The  Interpretation  of  the  Tests  and  Test- 
Requirements. 

It  is  unreasonable  to  require  the  same  results  from  tests  of  iron  or 
steel  made  on  varying  sections,  even  when  the  method  of  manufacture 
and  the  general  arrangements  for  producing  the  crude  material  are 
the  same.  For  instance,  the  same  tensile  tests  should  uot  be  re- 
quired from  plate  rolled  from  a  given  grade,  size  and  shape  of  Ingots 
into  1^  inch  thickness,  f  inch  thickness,  and  ^  inch  thickness,  for 
the  reason  that  the  J-inch  plate  will  certainly  show  evidence  of  cold- 
rolling,  and  the  1^-inch  plate  evidence  of  not  having  had  sufficient 
rolling  at  the  low  temperature  which  gives  advantageous  work  to 
the  metal. 

It  may  be  remarked  here  that  the  use  of  a  small  amount  of  alumi- 
num in  the  steel  will  cause  the  results  in  these  thick  specimens  to  be 
much  more  satisfactory,  approaching  those  of  the  f-inch  plate.  Es- 
pecially is  this  the  case  if  some  care  is  taken  that,  in  rolling  the 
thicker  specimens,  the  finishing  passes  are  not  made  at  too  high  a 
temperature. 

Test-specimens  cut  transversely  to  the  longer  axis  of  the  material 
rarely  give  as  good  results  as  specimens  cut  longitudinally.     Espe- 
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cially  is  this  true  of  iron,  which  shows  a  marked  decrease  in  ductility 
and  a  very  considerable  decrease  in  tensile  strength  in  specimens  cut 
transverselv. 

Few  rejections  are  made  upon  the  requirement  for  elastic  limit  in 
iron  or  steel.  The  usual  requirement  that  the  elastic  limit  for  iron 
shall  be  26,000  pounds  per  square  inch,  and  for  steel  that  it  shall  be 
at  least  one-half  the  ultimate,  is  very  rarely  unfulBIIed..  The  elastic 
limit  is  not  always  a  safe  criterion  of  the  quality  of  iron  or  steel. 
Many  tensile  tests  show  a  satisfactory  elastic  limit  that  are  very  low 
in  ductility. 

In  tests  of  boiler-plate  the  record  of  the  elastic  limit  is  rarely 
taken,  although  this  seems  to  the  writer  to  be  an  unwise  omission. 
It  would  be  advantageous  to  have  the  determination  of  the  elastic 
limit,  and,  with  the  methods  of  testing  usually  adopted,  it  could  be 
approximately  obtained  with  very  little  trouble  and  no  extra  expense. 

The  elongation  in  8  inches  length  is  the  almost  universal  standard. 
It  was  adopted  by  the  English  Admiralty  as  being  nearest  to  the 
200-millimeter  length  of  the  French.  Kirkaldy  still  prefers  the  10- 
inch  length.  The  disadvantage  of  this  length  is  that  it  means  at 
least  2  inches  more  of  length  of  bars  or  plates  from  which  test-speci- 
mens are  cut — a  matter  of  no  small  moment  in  the  large  number  of 
tests  required  in  daily  practice  in  structural  mills.  That  a  length  of 
at  least  8  inches  is  advisable  is  shown  by  the  increased  amount  of 
irregularity  in  the  results  obtained  with  shorter  lengths,  the  irregu- 
larities of  the  elongation  and  the  method  of  obtaining  it  at  the  fract- 
ure very  considerably  increasing  the  errors  in  measurements.  The 
old  Government  marine  test-specimen  of  l-inch  section  is  now  ad- 
mitted by  all  to  be  a  manifest  error. 

The  reduction  of  area  in  iron  is  a  requirement  which  ought  not, 
I  think,  to  be  very  minutely  interpreted,  on  account  of  the  difficulty 
of  measuring  it  accurately,  due  to  the  incipient  opening-up  of  the 
welds  at  the  point  of  fracture.  In  steel  the  reduction  of  area  is^ 
often  the  l)est  indicator  of  the  ductility  of  the  specimen,  and  taken 
together  with  the  character  of  fracture,  which  should  always  be 
noted,  it  is  an  important  factor  in  the  estimation  of  quality  in  this 
resi)ect.  The  specified  percentage  of  reduction  of  area  is  almost 
always  obtained  in  the  best  practice,  in  iron  as  well  as  steel,  and  the 
difficulty  with  iron  is  not  that  the  substantial  requirement  has  not 
been  reached,  or  even  exceeded,  but  that  the  exact  measurement  is 
not  easy,  and  if  it  is  reported  with  professed  accuracy  for  the  satis- 
faction of  the  engineer,  he  must  not  infer  too  much  from  the  figures. 
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No  general  rule  can  be  stated  for  the  demand  as  to  the  character 
of  fracture  under  tensile  tests,  hut  it  may  be  safely  said  that  for 
both  iron  and  steel  of  70,000  pounds  per  square  inch  tensile  strength 
the  fracture  should  show  the  flow  of  the  metal — fibrous,  not  crystal- 
line— to  at  least  80  per  cent,  in  the  case  of  wrought-iron,  and  that 
in  steel  it  should  be  silky  rather  than  spongy  and  granular. 

In  the  interpretation  of  tensile  tests  of  steel  the  hardness  of  the 
metal  is  an  important  element.  It  has  been  found  by  experience 
that  bridge-steel  of  over  64,000  pounds  per  square  inch  tensile 
strength  is  so  hard  that  in  punching  it  minute  fractures  will  be 
made  in  the  metal  surrounding  the  holes,  which  will  be  so  injured 
by  the  operation  that  tensile  specimens  taken  from  punched  pieces 
show  very  considerable  decrease  in  tensile  strength. 

The  usual  instruction  given  by  engineers  to  inspectors  is  that 
steel  which  is  above  62,000  or  63,000  lbs.  per  square  inch  tensile 
strength  should  be  held  quite  rigidly  to  the  results  of  the  tests  in 
acceptance  or  rejection ;  but  where  the  steel  is  milder,  a  test  varying 
1000  or  2000  pounds  over  or  under  the  requirements  of  the  s|)ecifi- 
cations  is  not  generally  considered,  by  itself,  a  cause  for  rejection. 
In  this  connection  it  is  well  to  point  out  that  duplicate  results  taken 
upon  the  same  lot  of  homogeneous  test-specimens,  as  shown  in  the 
tabulated  reports  of  the  committee  of  the  American  Society  of 
Mechanical  Engineers,  exhibit  a  variation  much  greater  than  this 
limit,  which  is  usually  allowed  in  the  acceptance  of  material.  There 
are  some  engineers,  however,  who  are  very  rigid  in  their  require- 
ments that  all  the  material  shall  answer  precisely  all  the  tensile 
requirements.  In  such  cases  either  the  requirements  should  be 
very  broad  and  lenient  or  the  metal  should  be  paid  for  at  a  con- 
siderably increased  price  per  pound. 

With  wrought-iron  the  general  practice  of  engineers  is  to  allow 
their  inspectors  a  considerably  larger  variation  in  acceptance  of  ten- 
sile results  than  with  steel.  This  practice,  I  think,  is  warranted. 
Wrought-iron  made  in  diflferent  districts  of  the  country,  from  vary- 
ing stocks,  gives  varying  results.  In  Eastern  Pennsylvania,  where 
the  furnaces  have  largely  run  in  the  past  on  foreign  ores,  the  bar- 
iron  is  somewhat  lower  in  tensile  strength,  but  is  greater  in  elonga- 
tion and  reduction  of  area  than  that  made  in  the  western  part  of  the 
State,  from  Lake  Superior  ores.  In  the  eastern  district  it  is  easier 
to  obtain  the  best  bar-iron  with  48,000  pounds  per  square  inch  ten- 
sile strength  and  20  per  cent,  elongation  in  8  inches,  while  in  the 
western  part  of  the  State  50,000  to  51,000  pounds  per  square  inch 
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tensile  strength  is  exhibited  with  16  to  18  per  cent,  elongation  in 
8  inches.  In  either  case  the  engineer  can^  in  my  judgment,  safely 
trustUhe  bar-iron  with  the  same  unit-strains. 

With  a  specification  for  wrought-iron  similar  to  that  outlined  in 
our  paper  upon  '^  The  Inspection  of  Materials  of  Construction  in 
the  United  States''  (Trans.y  xix.,  91 1),  I  believe  a  reasonable  allow- 
ance of  a  few  thousand  pounds  per  square  inch,  or  a  few  units  per 
cent,  in  ductility,  according  to  the  character  of  the  metal  being 
made  at  the  mill,  should  be  permitted  to  the  discretion  of  the  in- 
spector, or,  preferably,  the  specifications  should  be  broad  enough  to 
admit  both  varieties  of  metal. 

The  requirement  of  52,000  pounds  per  square  inch  tensile  strength 
for  bar-iron  for  structural  purposes  cannot,  according  to  my  experi- 
ence, be  met  without  many  rejections  by  mills  in  general.  Very 
few  mills  in  this  country,  except  those  working  charcoal-iron 
or  using  steel-scrap  in  the  piles,  could  produce  regularly  such  bar- 
iron.  An  iron  having  this  high  tensile  strength  should  be  carefully 
tested  for  welding,  as  it  is  very  apt  to  be  dry  and  incapable  of  weld- 
ing strongly,  and  if  it  satisfactorily  answers  both  requirements,  it 
should  command  a  higher  price  than  ordinary  good  bar-iron. 

Since  the  price  of  soft  steel  (of  not  too  rigid  requirements)  and 
that  of  wronght-iron  are  now  about  the  same,  it  is  becoming  a  com- 
mon practice  to  allow  in  specifications  for  structures  the  use  of  either 
wrought-iron  or  steel,  giving  specifications  for  both.  This  practice 
has  led,  both  at  the  bridge  shops  and  at  the  mills,  to  the  interpreta- 
tion that  the  material  may  be  furnished  in  both  iron  and  sod  steel 
up  to  60,000  or  64,000  pounds  tensile  strength  per  square  inch,  as  it 
pleases  their  convenience.  The  writer  has  had  several  experiences 
of  late  where  the  mill  people,  under  such  specifications,  have  actually 
'  attempted  to  fill  items  of  angles  and  plates  partly  in  iron  and  partly 
in  steel.  This  indiscriminate  use  of  iron  and  steel,  with  their  dif- 
ferent moduli  of  elasticity  and  expansion  and  contraction  under  vary- 
ing temperatures,  does  not  seem  to  be  good  engineering  practice.  Of 
course,  this  remark  does  not  apply  to  all  cases,  but  only  to  those  in 
which  the  differing  behavior  of  the  two  materials  may  produce  inju- 
rious strains. 

VI.  What  Material  the  Tests  Should  Cover. 

As  before  explained,  the  series  of  tests  with  open-hearth  or  Bes- 
semer steel  usually  cover  each  melt,  and  with  iron  each  lot  of 
varying  section ;  but  where  some  of  the  tests  prove  defective,  they 
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may  fairly  be  construed  to  cover  smaller  subdivisions  under  certain 
conditions.  If  it  can  be  shown  that  the  cause  of  the  trouble  is  with 
only  one  reheating  furnace-charge,  or  even  with  certain  ingots  or 
blooms  near  bridge- walls  or  exposed  to  special  puDishment,  it  is 
manifestly  fair  to  all  interests  to  reject  only  the  material  that  can  be 
proved  to  be  defective,  taking  further  tests  of  the  remainder  of  the  lot. 

VII.  The  Jurisdiction  op  the  Inspector  over  Rejected 

Material. 

In  one  view  of  the  subject  the  inspector,  who,  ordinarily,  does  not 
own  any  of  the  material  (although  the  mi II -people  claim  that  inspectors 
sometimes  act  as  if  tiiey  did,  with  the  addition  of  the  mill  and  all  the 
property  and  people  pertaining  thereto),  has  nothing  further  to  do 
with  material  that  he  rejects.  Certainly  he  has  no  right,  without 
the  mill-manager's  consent,  to  maltreat  rejected  bars  so  as  to  prevent 
their  being  used  for  some  other  purpose.  At  the  same  time  it  seems 
to  me  that  he  has  the  right  to  mark  rejected  material  in  such  a  way 
that  it  may  not,  by  any  acci<lent  or  otherwise,  be  shipped  forward 
from  the  mills  with  the  accepted  material.  For  this  purpose  many 
inspectors  have  a  private  stamp  for  stamping  rejected  material,  which 
seems  to  be  a  wise  precaution. 

YIII.  The  Jurisdiction  of  the  Inspector  over  Accepted 

Material. 

The  inspector  should  be  furnished  with  lists  of  the  material  he  has 
inspected  or  shipped  on  each  car-load,  in  order  that  he  or  his  assistant, 
the  inspector  at  the  shop,  may  identify  the  material  which  he  has 
passed  as  it  is  unloaded  at  its  destination.  For  this  purpose  many 
engineers — it  seems  to  me  very  properly — insist  that  their  inspectors 
shall  approve  the  itemized  bills  of  lading  of  each  car-load  of  ac- 
cepted material  from  the  mills. 

The  inspector  should,  where  possible,  see  that  material  is  properly 
loaded  on  cars  for  shipment,  in  order  to  prevent  its  being  badly  bent 
and  twisted  in  loading  or  in  transit.  This  is  a  matter  of  no  little 
importance  with  the  large  bars  of  60  and  70  feet  now  often  ordered 
at  the  mills. 

IX.  The  Right  and  Duty  op  the  Inspector  to  Note  and 
Report  upon  Methods  of  Manufacture. 

Many  mill-people  claim  that  if  the  inspector  is  furnished  with 
material  answering  the  requirements  of  the  specifications,  there  their 
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duty  ends,  and  any  investigatioD  into  the  methods  of  manufacture 
is  unwarranted  and  unnecessary  and  is  prohibited.  On  the  other 
hand,  the  manufacturers  are  constantly  pressing  for  fewer  tests  upon 
the  tonnage  they  turu  out,  and  in  the  judgment  of  the  writer  the 
best  way  to  reduce  the  number  of  such  tests  is  to  make  the  inspector 
familiar  with  the  methods  by  which  his  material  is  made,  and  thus 
able  to  judge  more  accurately,  by  his  knowledge,  of  the  uniform 
character  of  the  stock  used,  the  size  of  the  ingots  or  piles  or  blooms 
from  which  finished  material  is  rolled,  and  the  manner  in  which  the 
material  is  rolled  or  hammered.  Without  this  knowledge,  and  actual 
testing  of  the  materials  used,  steel  scrap  ought  not  to  be  allowed  to 
be  piled  with  iron. 

Discussion. 

W.  H.  Morris,  Pottstown,  Pa. :  It  would  perhaps  be  well  to  re- 
flect a  little  on  what  has  been  accomplished  since  the  establishment 
of  these  "  testing-bureaus,"  and  why  they  should  now  wish  to  change 
the  method  of  testing,  and  the  specifications  which  they  themselves 
forced  the  mills  to  accept.  Some  years  ago,  it  was  the  custom  to 
buy  a  good  grade  of  puddled-iron  or  wrought-iron  made  from  scrap 
by  standard  mills;  and  my  company  frequently  made,  for  use  in  con- 
struction, without  any  machine- tests,  plates  which  were  always  satis- 
factory to  our  customers.  Of  course,  we  ourselves  inspected  these 
plates,  as  we  still  continue  to  do.  With  the  more  general  introduc- 
tion of  testing,  it  was  thought  necessary  to  have  outside  parties  make 
the  tests,  especially  as  many  mills  at  that  time  had  no  testing-ma- 
chines. This  practice  grew  easily  into  a  further  inspection  for  sur- 
face-defects;  and  as  it  is  quite  human  to  magnify  one's  services  in 
business,  especially  when  one's  pocket  is  at  stake,  requirements  were 
piled  one  on  top  of  another,  and  the  corps  of  inspectors  was  largely 
increased.  The  more  the  inspecting  to  be  done,  the  more  help  was 
required  to  do  it,  and  the  more  profit  to  the  testing-laboratories. 
This  development  has  worked  serious  injustice  to  the  mills.  They 
are  required  to  handle  their  iron  a  second  time,  and  sometimes 
oftener,  because  it  does  not  suit  the  inspectors  to  be  on  hand  when 
the  iron  is  made.  Sometimes  the  mills  are  kept  waiting  as  long  as 
a  week,  much  to  the  detriment  of  the  customer,  especially  on  hur- 
ried work. 

Some  inspectors,  when  they  begin,  know  nothing  about  the  manu- 
facture of  iron  or  steel ;  and  some  are  young  men,  sent  from  techni- 
cal schools  to  be  really  educated  at  the  expense  of  the  mills.    Worse 
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Btill^  the  ioBpector  has  now  ceased  to  make  a  final  decision  on  the 
acceptance  of  material,  as  'was  the  case  when  the  business  was  first 
started^  and  the  engineers  claim  the  right  to  reject  material  at  any 
time^  even  after  it  has  been  spoiled  by  punching  and  riveting,  and 
is  only  fit  for  scrap.  In  the  handling  of  a  large  business,  it  is 
necessary  to  load  direct  from  the  shearing-bed ;  and  for  bulky  arti- 
cles, such  as  plate-iron,  this  is  particularly  desirable,  because  the  re- 
handling  of  such  material  is  very  expensive.  Our  plates  run  up  to 
8  feet  wide  and  76  feet  long,  and  we  have  rolled  them  over  100  feet 
long. 

Again»,  with  regard  to  the  number  of  tests,  more  and  more  are  called 
for,  without  any  appreciable  gain  to  the  consumer.  When  the  mill 
is  using  a  certain  reasonably  uniform  kind  of  stock,  one  or  two 
tests  a  day  should  certainly  be  a  sufficient  indication  of  the  charac- 
ter of  the  product,  and  this  ought  to  satisfy  any  reasonable  buyer. 
The  notion,  sometimes  set  up,  of  making  one  or  more  tests  on  every 
car-load,  is  absurd.  Such  a  requirement  shows  that  people  have 
either  no  confidence  in  the  party  they  deal  with,  or  no  confidence  in 
the  uniformity  of  the  material  they  buy.  In  that  case,  they  might 
as  well  make  a  test  of  every  piece.  Again,  the  surface-inspection 
should  be  made  by  the  mills,  and  they  should  be  relieved  of  any 
annoyance  in  this  part  of  the  work,  at  least. 

Steel  is  recognized  to  be  a  better  material  for  construction  than 
iron,  while  it  may  be  generally  admitted  that,  from  lack  of  experi- 
ence, we  are  not  so  familiar  with  its  charactei^stios.  Why  should 
the  tests  for  steel  be  so  much  more  rigid  than  for  iron  destined  for 
the  same  purpose?  In  other  words.  Why  should  the  minimum  and 
maximum  tensile  strength  be  fixed  within  such  narrow  limits,  even 
to  2500  pounds  variation  above  or  below  the  mean  for  steel,  when 
no  such  thing  is  thought  of  for  iron  ?  If  an  engineer  calculates  his 
strain  at  60,000  pounds,  why  should  he  find  fault  if  he  gets  a  some- 
what stronger  piece  of  steel,  provided  the  other  qualities  are  up  to 
standard?  If  the  strains  are  calculated  on  60,000  pounds,  why 
should  fault  be  found  if  the  material  shows  not  more  than  70,000, 
and  gives  at  the  same  time  the  full  elongation  or  reduction  re- 
quired ? 

Cold-rolling,  which  Mr.  Hunt  criticizes,  was  brought  about  by 
these  very  requirements,  it  having  been  found  that  there  is  in  steel,  as 
indeed  in  other  metals,  a  certain  variation  in  physical  qualities  for 
the  same  chemical  analysis.    Does  not  the  same  statement  apply  to  * 
iron  ?    When  the  government  will  license  a  boiler  for  use  on  the 
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high  seas,  merely  proportionating  the  redaction  and  the  tensile 
strength,  why  should  more  rigid  requirements  be  made  for  bridge- 
steel,  except  that  the  bridge-inspectors  think  it  will  make  more 
work  for  them,  or  that  some  engineer  has  a  hobby  of  his  own? 

With  regard  to  the  relative  merits  of  open-hearth  and  Bessemer 
steel,  the  regularity  of  product  is  perhaps  in  favor  of  Bessemer, 
where  it  is  confined  strictly  to  one  class  of  raw  material.  In  the 
open-hearth  practice,  the  time  for  tapping  is  judged  by  the  melter, 
and  hence  necessarily  varies  according  to  his  judgment  and  that  of 
his  partner  on  the  other  turn.  In  the  case  of  a  number  of  furnaces, 
there  would  be  still  greater  variation.  Delays  in  tapping  present 
another  uncertain  contingency.  In  the  Bessemer  process,  running 
on  one  grade  of  metal,  with  a  constant  mixture,  and  a  regular  meas- 
ured quantity  of  blast,  there  is  less  room  for  irregularity ;  and  any 
slight  changes  caa  be  controlled  by  taking  the  tests  from  the  next 
previous  heat  as  a  guide.  In  actual  practice,  it  has  been  demon- 
strated that,  in  this  process,  variations  can  be  controlled  in  very 
narrow  limits,  and  misfits  kept  below  one  per  cent. 

Something  is  said  by  Mr.  Hunt  implying  reflection  on  the  honesty 
of  the  manufacturers  in  dealing  with  the  inspectors  and  specifica- 
tions. It  seems  to  me  that  such  suspicions  are  largely  brought  about 
by  the  inspectors  themselves.  Some  inspectors  come  to  a  mill  with 
the  idea  that  they  are  hired  as  spies,  and  naturally  feel  aggrieved  if 
they  do  not  find  something  irregular  to  report.  When  a  man  is  dis- 
posed to  do  what  is  right  and  reasonable,  and  has  had  any  practical 
experience,  I  imagine  he  has  little  to  complain  of;  but  in  many 
cases  the  inspectors  are  persojis  held  to  rigid  instructions,  with  no 
judgment,  or  no  right  to  use  it,  who  report  to  some  theoretical  assist- 
ants ;  and  of  course  there  is  bound  to  be  a  "  hitch."  No  man  is  fit 
to  have  charge  of  inspection  and  testing  who  has  not  had  some  ex- 
perience as  a  manufacturer.  I  have  known  of  an  instance  in  which 
an  assistant  engineer  came  to  the  works  with  the  expressed  deter- 
mination of  showing  that  the  iron  was  bad,  and  had  it  put  to  the 
most  unreasonable  strains,  such  as  plunging  into  water  while  hot 
after  being  bent  on  itself  flat,  then  opened  up  again  cold,  to  try  and 
separate  the  welds,  and  then  nicking  and  breaking  the  piece  for  the 
same  purpose.  He  felt  very  angry  when  he  failed  to  prove  that  the 
material  was  bad,  as  he  had  predicted.  I  have  also  known  a  case 
in  which  an  engineer  took  the  position  that  he  could  inspect  the 
material  or  not  as  he  chose ;  that  he  could  decide  that  the  material 
was  not  fit  to  use,  without  even  taking  the  trouble  of  looking  at 
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it ;  and  he  even  went  so  far  as  to  attempt  to  condemn  it  in  that 
way. 

The  efiect  on  the  mind  of  a  young  inspector,  coming  to  a  lai^ 
works  where  many  hands  are  employed,  and  finding,  after  he  gets 
well  seated  in  his  position,  that  he  can  at  will  condemn  a  plate  for  a 
trifling  defect,  is  very  bad.  He  naturally  feels,  like  Selkirk,  that  he 
is  '^  monarch  of  all  he  surveys.''  Some  inspectors  have  complained, 
on  the  other  hand,  that  the  mill-men  considered  them  '^  poor  cattle." 
All  such  collisions  are,  however,  in  my  experience,  fortunately  rare. 
They  would  probably  never  occur  if  the  business  were  confided  ex- 
clusively to  practical  men.  A  blacksmith  who  has  outlived  his 
ability  to  do  heavy  work  would  make  a  much  better  inspector  thaa 
a  green  college-boy. 

It  would  be  well  if  some  specified  thickness  of  metal  could  be  es- 
tablished for  test-pieces,  especially  in  steel ;  and  this,  I  think,  is  the 
custom  in  England  as  most  soft  blooms  are  sold  on  a  guarantee  of 
test  at  a  ^  inch  thickness.  The  U.  S.  Grovemment  also  recognizes, 
in  its  requirements  for  the  boilers  and  hulls  of  vessels,  the  difference 
in  materials  at  varying  thicknesses. 

It  is  the  custom  of  the  Pottstown  Iron  Company  to  make  tests  of 
its  material  for  its  own  information ;  and  every  heat  of  steel  has,  in 
addition  to  four  analytical  tests,  five  mechanical  ones.  There  is  cast, 
for  each  heat,  a  4-inch  square  test-ingot,  which  is  hammered  down  to 
1^  inches  square.  This  is  nicked  and  bent  cold,  to  see  how  many 
blows  it  will  stand,  both  chilled  and  unchilled.  Another  piece  is 
then  hammered  at  the  same  heat  to  f-inch  square  and  bent  both 
chilled  and  unchilled,  each  piece  being  nicked  and  broken,  to  show 
the  fracture.  Finally,  a  ^-inch  piece  is  pointed,  flattened  out  to  \- 
inch  thick,  split  open  from  the  point  about  1^  inches,  and  two  f-inch 
holes  are  punched,  the  first  being  ^-inch  from  the  end  of  the  split 
and  the  second,  ^-inch  from  the  first,  and  directly  behind  it.  All 
this  (which  may  be  called  preliminary  work)  is  done  at  one  heat, 
without  much  care  to  keep  the  conditions  uniform.  The  remainder 
of  the  work,  which  forms  the  real  test,  is  all  done  at  a  bright  cherry- 
red,  and  great  care  is  taken  tx)  keep  the  conditions  the  same  for  all 
tests.  The  ends  of  the  split  are  bent  down  sidewise  until  the  ends 
of  the  two  parts  touch  the  sides  of  the  main  test-piece.  Finally,  the 
f-inch  holes  are  drifted  out  to  1}  inches.  The  outer  edges  of  the 
test-piece,  the  division  between  the  holes,  and  the  base  of  the  split, 
should  be  perfectly  smooth  and  free  from  checks  or  flaws.  This  test, 
generally  known  as  the  '^ ear- test,"  forms  an  almost  perfect  measure 
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of  red-shorlDess,  or  shows  the  entire  absence  of  that  quality.  All  our 
material  will  stand  these  tests;  and,  in  addition^  the  plates  are  tested 
for  tensile  strength  in  the  mill,  after  being  rolled. 

I  have  a  full  set  of  the  tests  above  named  on  the  table,  which  I 
shall  be  glad  to  have  any  one  interested  examine.  The  analysis  of 
the  blow  is:  carbon  0.13,  phosphorus  0.10  and  manganese  0.255. 
I  have  also  samples  of  tensile  tests,  both  Bessemer  and  open-hearth, 
which  show  as  follows : 

Beesemer.       Open-hearth, 
lbs.  per  sq.  Inch. 

Elastic  limit, 31,340  33,330 

Ultimate  strength, 56,520  67,790 

Per  cent. 

Elongation, 28.25  29.25 

Beduction, 55.70  60.50 

Also,  some  bending-,  punching- and  drifting>tests;  the  latter, 
drifted  cold  from  a  1^-inch  to  a  2^-inch  hole.  Also,  some  nails 
made  from  steel  (with  heads  flattened  that  do  not  fly  ofi^)  and  from 
steel  scrap,  to  show  the  welding-properties.  Particular  attention  is 
called  to  the  piece  1^  inches  wide  by  f-inch  thick,  punched  with 
|-inch  holes,  which,  under  this  {fk*essure,  expanded  the  piece  to  1^ 
inches  wide  at  the  holes,  without  a  crack. 

The  mere  physical  tests,  as  indicated  by  a  testing- machine,  are 
not  nearly  so  valuable  as  tests  involving  such  exhaustive  strains  as 
these.  One  test  of  this  kind  for  each  cast  of  steel  should  be  ample. 
Under  Mr.  Hunt's  plan  for  tests,  the  ordinary  output  of  a  mill 
would  involve  50  or  60  test-pieces  daily,  which  would  be  highly  un- 
reasonable. > 

If  the  diflerent  testing-bureaus  would  agree  on  one  man  for  a 
given  works,  much  trouble  would  be  saved  to  the  mills  and  to  them- 
selves. Often  five  or  six  men  come  to  test  and  inspect  severally, 
and  at  the  same  time,  relatively  small  shipments ;  and  the  cost  of 
their  pay  and  travelling  expenses  is  a  heavy  burden  for  the  con- 
sumer. 

There  is  no  reason  that  the  chemical  requirements  for  basic  steel 
should  be  more  rigid  than  for  acid.  The  former  is  a  softer  metal, 
and  better  adapted  for  uses  formerly  served  by  wrought-iron.  In 
heating  it,  any  workman  with  experience  in  soft  steel  can  do  a<^  well 
as  on  iron,  if  not  better.  Nothing  is  to  be  feared  on  this  score.  Soft 
steel  slabs,  made  by  our  special  processes,  have  been  repeatedly  heated 
as  hot  as  iron  piles  without  any  deleterious  efiects.     We  have  also 
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piled  and  welded  the  scrap  from  such  plates,  and  cut  it  up  into  nails, 
without  discovering  any  signs  of  the  welds.  In  fact,  our  steel  scrap 
can  be  welded  as  easily  as  iron ;  and  the  samples  here  shown  of 
welded  steel  nails,  solid  steel  nails,  and  soft  steel,  speak  for  them- 
selves. We  can  get  our  phosphorus  down  below  0.01  and  keep  our 
manganese  low,  without  any  signs  of  red-shortness.  We  can  make 
our  tensile  strength  as  low  as  60,000  pounds.  In  short,  we  can  make 
a  metal  as  soft  as  lead,  and  from  this  to  any  required  degree  of  hard- 
ness. 

As  a  final  comment  on  Mr.  Hunt's  paper,  I  would  suggest  the 
following  principles  to  consumers  and  their  inspectors: 

1.  Employ  ordinary  good  business  judgment  in  dealing  with 
manufacturers  in  whom  you  have  confidence;  and  this  will  secure, 
in  return,  their  respect  and  confidence  towards  your  inspectors. 

2.  When  full  tests  are  made  regularly  by  the  manufacturers,  ac- 
cept their  tests  in  lieu  of  an  excessive  number  of  your  own. 

3.  Allow  the  mills  to  make  their  own  surface-inspection,  or  else 
let  your  inspectors'  acceptance  of  materials  be  final,  as  it  used  to  be. 

4.  Always  select  as  inspector  a  man  who  has  had  experience  in 
making  and  working  iron. 

5.  As  far  as  possible,  avoid  the  duplication  of  tests,  and  save  ex* 
pense.  for  your  customers  and  yourselves. 

6.  Adopt  some  standard  thickness,  as  well  as  width,  for  your  test- 
pieces. 

7.  Make  your  specification  as  simple  as  possible. 

8.  Allow  a  lee-way  of  5000  pounds  above  or  below  the  ultimate 
strength  required,  or  else  follow  the  Grovernment  requirements  in 
accepting  higher  tensile  strength,  if  the  elongation  shows  correspond- 
ing increase. 

9.  Accept  any  material  which  is  equally  as  good  for  your  purpose 
as  that  which  the  specifications  call  for. 

Wm.  Kent,  New  York  City :  As  Mr.  Morris  has  said,  the  mill- 
men  should  be  heard  on  this  question.  The  American  Society 
of  Mechanical  Engineers  and  the  Society  of  Civil  Engineers  have 
committees  on  the  subject  of  standard  specifications  and  standard 
tests  of  material ;  and  if  the  mill-men  do  not  speak  out,  it  is  likely 
that  the  reports  of  the  committees  to  these  societies,  representing  the 
users  of  material  and  consulting  engineers  rather  than  the  producers, 
may  be  too  severe  in  the  number  of  specifications,  too  rigid  in  the 
requirements,  and  perhaps  too  theoretical,  to  suit  the  ideas  of  manu- 
facturers.   We  need  a  full  interchange  of  views  on  this  subject,  so 
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that  the  specifications  finally  adoptee]  in  this  country  may  be  such  as 
the  roill>men  themselves  will  feel  to  be  just  and  right.  There  is 
now  a  good  deal  of  friction  between  the  customer  on  the  one  hand 
and  the  manufacturer  on  the  other ;  and  the  inspector  in  the  middle 
is  being  ground  between  the  upper  and  the  nether  millstone.  For 
the  sake  of  all  parties,  I  hope  that  the  question  will  be  thoroughly 
considered  before  any  definite  report  is  made  by  the  committees  re- 
ferred to.  There  is  no  better  place  for  such  a  free  discussion  than 
this  Institute,  which  comprises,  to  a  larger  extent  than  any  other 
body,  representatives  of  both  classes  concerned.  It  seems  to  me  that 
both  Mr.  Hunt  and  Mr.  Morris  are  too  indefinite.  For  useful  and 
pertinent  discussion,  I  should  like  to  have  each  of  them,  and  also 
every  other  writer  on  this  subject,  codify  the  specifications  he  pro- 
poses, and  not  merely  tell  us  in  general  terms  what  considerations 
or  principles  he  advocates  and  emphasizes.  As  an  appendix  to  each 
criticism  or  suggestion  from  either  side,  a  definite  form  of  proposed 
specification,  including  standards  and  methods  of  testing,  would 
greatly  assist  us  in  reaching,  at  last,  a  satisfactory  form. 

B.  E.  Fernow,  Washington,  D.  C. :  Being  interested  (though  in 
another  line)  in  the  question  of  standard  tests,  I  am  surprised  to  find 
that  there  is,  as  yet,  no  accepted  standard  of  dimensions  for  tests  of 
iron  and  steel.  In  the  tests  of  timber  we  have  such  established 
standards,  and  without  them  it  would  be  impossible  to  make  trust- 
worthy comparisons  of  reported  observations.  One  of  the  advan- 
tages resulting  from  the  wide  range  of  professions  covered  by  this 
Institute  is  (as  I  have  had  occasion  to  learn  by  experience),  that  sug- 
gestions proofing  from  practice  in  one  branch  may  prove  highly 
helpful  to  practitioners  in  another.  In  this  spirit  I  venture  to  sug- 
gest, as  a  consoling  possibility,  at  least,  that  further  study  may  lead, 
in  the  testing  of  structural  iron  and  steel,  to  a  simplification  analo- 
gous to  that  which  we  have  reached  in  the  testing  of  timber.  We 
have  found,  namely,  that  the  specific-gravity  test  really  expresses  in 
many  respects  the  quality  of  the  timber,  thus  rendering  many  other 
tests  unnecessary.  While  this  particular  character  may  not  be 
equally  significant  for  wrought-iron,  or  even  for  the  more  nearly 
homogeneous  steel,  it  strikes  me  that,  among  the  various  tests  con- 
sidered in  Mr.  Hunt's  paper,  or  else  outside  of  that  list  altogether, 
one  or  more  might  be  found,  which,  being  fully  interpreted,  would 
tell  more  thau  they  are  now  supposed  to  do,  and  would  thus  super- 
sede a  part  of  the  catalogue  now  apparently  deemed  necessary. 

Oliver  Williams,  Catasauqua,  Pa. :  Inspectors,  as  a  class,  have 
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greatly  improved  during  the  last  few  years.  When  the  railroad- 
companies  did  their  own  inspection,  they  were  in  the  habit  of  send- 
ing for  that  purpose  young  men  fresh  from  technical  schools,  whose 
ignorance  of  their  business  was  only  excelled  by  their  assumption  of 
knowledge,  and  by  their  earnest  effort  to  condemn  everything  thej 
could  by  any  possibility  take  exception  to.  This  has  been  changed; 
and  now  railroads  that  do  their  own  inspecting,  as  well  as  the  in- 
specting bureaus,  generally  send  men  of  experience  and  good  judg- 
ment, with  whom,  as  a  rule,  it  is  a  pleasure  to  do  business. 

One  of  the  principal  present  difficulties  is,  that  there  is  no  gener- 
ally settled  specification  of  requirements.  Last  week  we  had  in  our 
mills,  at  the  same  time,  three  or  four  inspectors,  representing  differ- 
ent bureaus,  each  one  of  which  had  its  own  special  requirements, 
varying  for  plate-iron  from  46,000  up  to  52,000  pounds  tensile 
strength,  and  from  5  up  to  15  per  cent,  elongation.  As  Mr.  Morris 
well  observes,  one  inspector  could  have  attended  to  all  these  orders 
at  a  considerable  saving  of  expense,  and  with  comfort  to  himself  as 
well  as  to  the  manufacturer. 

Another  point  is,  that  some  railroad-  and  bridge-companies  have 
raised  their  requirements,  and  yet  are  not  willing  to  pay  the  necessary 
price  to  obtain  a  hign  class  of  material.  It  is  a  general  opinion  that 
iron  is  not  produced  to-day  of  as  good  quality  as  fifteen  or  twenty 
years  ago;  but  I  claim  that  never  in  the  history  of  the  trade  were 
mills  making  as  good  iron  as  they  are  generally  producing  to-day. 
There  is  now  no  difficulty  in  getting  an  iron  that  will  meet  the  most 
rigid  requirements,  if  the  consumer  is  willing  to  pay  for  it.  They 
call  for  'Mouble-refined "  iron,  for  instance;  and  there  are  mills  to 
be  found  (although  they  are  few)  which  will  take  old  rails,  work 
them  down  twice,  and  stamp  the  product  ^*  double-refined."  This, 
of  course,  can  be  done  at  comparatively  small  cost ;  but  honestly- 
made  ''double-refined'^  iron  cannot  be  made  for  the  price  that  is 
now  being  paid  by  the  bridge-companies. 

The  remedy  for  present  evils,  as  all  admit,  is  a  reasonable  and 
uniform  standard  specification  for  both  steel  and  iron.  I  hope  this 
will  be  reached  through  discussion,  and  through  the  co-operation  of 
this  Institute  with  other  technical  societies.  Mr.  Kent  asks  what 
the  standard  specification  should  be.  As  a  manufacturer,  I  would 
say  that  the  Bridge-Builders'  Standard  Specification  meets  my  views. 
There  are,  no  doubt,  some  requirements  in  it  that  are  too  low  to  suit 
many  of  our  engineers,  but  these  can  readily  be  modified  and,  in 
some  instances,  raised,  to  suit  their  ideas.  Take  it  all  in  all,  it  is,  in 
my  judgment,  a  specification  that  we  can  meet,  and  meet  honestly. 
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Some  specifications  come  to  us,  more  especially  from  the  West, 
asking  for  iron  of  very  high  tensile  strength,  say  52,000  pounds  and 
over,  and  no  other  requirements  named.  Every  manufacturer  knows 
that  this  single  requirement  can  be  readily  met,  and  yet  the  iron  may 
be  practically  worthless.  When  the  railroad-companies  will  employ 
engineers  who  are  well-posted  in  iron-  and  steel-making,  specifica- 
tions will  be  furnished  that  can  be  met  fairly  and  fully,  and  a  mate- 
rial will  be  supplied  that  can  be  depended  upon  every  time. 

I  trust  the  discussion  of  this  subject  will  result  in  doing  away  with 
some  of  the  annoyances  and  unnecessary  expenses  to  which  mills  are 
now  subject.  The  railroad  people  may  think  that  it  is  the  manufac- 
turer who  is  paying  these  unnecessary  bills,  but  in  the  end  they 
come  back  on  the  consumer.  I  give  away  no  trade-secret  in  saying 
that. 

I  wish  to  emphasize  my  concurrence  with  the  point  made  by  Mr. 
Morris  concerning  the  inspection  that  does  not  inspect.  It  is  becom- 
ing a  custom  not  to  consider  the  inspection  at  the  mill  as  final ;  and 
after  material  has  been  once  accepted,  it  is  frequently  rejected  in  the 
bridge-shops.  This  will  inevitably  lead  to  trouble  and  litigation  in 
the  near  future;  and  it  is  very  important  that  settled  rules  govern- 
ing this  final  rejection  should  be  agreed  upon  by  the  parties  in  in- 
terest. 

In  connection  with  my  observation  that  consumers  are  often  not 
willing  to  pay  for  the  special  qualities  they  require,  I  will  give  an 
instance  from  my  own  experience.  A  few  years  ago  I  hit  upon  a 
mixture  of  metal  that  made  an  admirable  railway-axle.  Dr.  Dud- 
ley will  admit  that  there  is  nothing  more  important  in  railroading 
than  that.  The  requirements  of  a  certain  railroad-company  were 
that  this  axle-material  should  stand  two  blows  of  1640  pounds  fall- 
ing 10  feet,  and  three  blows  of  the  same  weight  falling  15  feet.  I 
offered  to  guarantee  for  my  metal  double  the  weight,  double  the 
height  of  fall,  and  double  the  number  of  blows,  for  one  cent  extra 
per  pound  ;  but  the  offer  was  refused. 

C.  B.  Dudley,  Altoona,  Pa. :  As  one  who  has  possibly  wasted 
some  ink  in  trying  to  write  specifications,  and  has  had  a  few  con- 
tests with  the  manufacturers  of  iron  and  steel,  I  may  be  able  to  throw 
a  little  side-light  on  this  discussion.  As  my  friend,  Mr.  Coxe,  just 
whispered  in  my  ear,  the  k^-note  to  the  situation  in  inspecting 
materials  is  the  fact  that  any  inspection  is  made  at  all ;  by  which  I 
mean,  that  if  the  manufacturer  of  material  knows  that  the  material 
is  going  to  be  subjected  to  some  test,  whatever  it  may  be,  the  material 
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that  you  get  will  be  better  than  if  there  were  no  testing  at  all. 
This  remark  involves  no  reflection  on  the  business  integrity  of  man- 
ufacturers. It  expresses  simply  our  understanding  of  ordinary  ha- 
man  nature.  We  all  know  that  everybody  does  a  little  better  when 
he  is  watched.  It  is  this  fact^  that  there  is  some  one  on  watch,  if  I 
may  say  so  without  accusation  of  conceit,  that  gives  a  portion  of  its 
value  to  the  testing-department  of  the  Pennsylvania  railroad,  with 
which  I  am  connected. 

Some  years  ago,  as  many  will  remember,  there  was  a  little  con- 
test over  the  quality  of  steel  t<o  be  used  in  rails.  At  the  beginning 
of  that  contest,  a  good  friend  of  mine,  who  is  a  very  able  manager  and 
at  the  head  of  an  establishment  which  has  been  a  perfect  marvel  of 
business  success,  remarked,  substantially,  '^  What  is  the  use  of  our 
paying  any  attention  whatever  to  quality?  We  can  sell  more  rails 
now  than  we  can  make."  That  was  one  side  of  the  question — ^the 
simple  business  proposition  of  getting  rid  of  the  output  of  a  mill,  no 
matter  what  it  turned  out,  and  of  making  money  out  of  it  This, 
you  will  understand,  was  twelve  or  fifteen  years  aga  I  do  not 
think  you  will  find  that  spirit  now.  Let  me  give  you  the  other  side 
of  the  question.  I  have  seen  in  Altoona  a  large  pile  of  broken 
spiral  springs  taken  out  from  the  cars,  axles  broken  in  service,  and 
cast-iron  wheels  broken  in  service,  broken  crank-pins,  and  other 
parts  of  locomotives  or  cars  which  had  failed  in  service.  We  who 
are  connected  with  the  use  of  these  materials  have  to  meet  some 
pretty  sharp  and  bitter  problems.  Take  the  crank-pin,  for  example. 
A  set  of  fifly  crank-pins  is  ordered ;  they  come  for  examination ; 
we  select  a  pin,  cut  it  up  and  test  it.  Recently  we  had  a  case  of  this 
kind.  One  of  the  test-pieces  cut  out  of  one  side  of  a  pin  gave  88,000 
pounds  tensile  strength,  and  22  percent,  elongation.  Another  piece 
from  the  other  side  of  the  pin  had  106,000  pounds  tensile  strength 
and  14  per  cent,  elongation.  The  question  is,  Shall  we  put  that 
material  into  service  ?  I  say  to  you  that  mechanical  engineers  who 
have  to  face  such  a  problem  as  that,  and  who  know  the  efiPect  of 
putting  such  steel  into  such  an  important  thing  as  a  crank-pin,  mast 
hesitate.  Evidently  the  diflScuIty  with  the  metal  is  lack  of  unifor- 
mity. Both  samples  are  good  metal ;  but  is  it  safe  to  put  a  pin  made 
up  of  such  irregular  material  into  service?  I  could  multiplv  these 
cases  indefinitely  from  the  records  of  the  ten  or  fifleen  years'  expe- 
rience I  have  had.  Now,  between  the  perfectly  l^iti  mate  and  proper 
desire  of  the  manufacturer  to  make  money  by  turning  out  as  much 
material  as  he  can,  and  getting  all  he  can  out  of  his  plant,  and  the 
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fact  that  the  man  who  u<)e8  the  metal  has  got  to  take  risks  in  connec- 
tion with  it^  the  real  conflict  comes.  •!  am  not  very  familiar  with 
specifications  for  the  coarser  forms  of  construction  along  the  track, 
such  as  bridges ;  but  with  regard  to  the  requirements  that  are  put 
into  the  specifications,  I  think  there  is  in  the  minds  of  manufacturers 
a  very  great  mistake.  It  is  a  common  opinion,  I  think,  among 
manufacturers  who  have  to  furnish  material,  and  among  what«we 
call  "supply-men,"  that  specifications  are  almost  all  written  "out 
of  a  man's  head."  That  is  not  true,  as  I  know ;  for  I  have  writ- 
ten a  good  many  of  them.  I  do  not  sit  down  to  write  a  specification 
and  call  for  what  I  think  would  be  ideal  material.  I  have  never 
done  anything  of  that  kind,  and  I  am  the  less  inclined  to  do  it  the 
older  I  get.  I  know  that  there  is  a  possible  tendency  on  the  part  of 
a  man  fresh  from  school  to  think  that  he  knows  it  all ;  we  have  all 
been  through  it ;  but  such  a  man  is,  of  course,  hardly  fit  to  write  a 
specification.  The  specifications  that  issue  from  the  motive-power 
department  of  the  Pennsylvania  railroad  have  a  tangible  and  sensi- 
ble reason  for  every  requirement  they  contain.  If  you  were  in  the 
same  place,  and  were  making  those  specifications,  you  would  put 
those  same  requirements  in.  That  is  a  pretty  strong  statement ;  but 
I  say  frankly,  there  is  a  great  deal  behind  these  specifications.  It 
is  our  custom,  when  we  take  hold  of  a  new  subject,  for  which  a  spe- 
ficication  is  to  be  ultimately  made,  to  examine  first  the  good  and  bad 
material  from  actual  service. 

To  give  a  single  illustration  :  we  have  recently  written  a  specifi- 
cation, which  is  still  under  advisement,  for  boiler-plate  for  the  inside 
fire-box  sheets  of  locomotive-boilers.  Our  first  step  was  to  collect 
samples  from  about  sixty  worn-out  boilers  whose  life  was  known. 
On  a  piece  representing  each  fire-box,  the  ordinary  physical  tests  of 
tensile  strength  and  elongation  were  made.  Then  thirty  of  those 
test-pieces  were  turned  over  to  the  laboratory  and  carefully  analyzed 
for  carbon,  phosphorus,  silicon,  mangauase,  sulphur  and  copper. 
With  these  data  at  hand,  we  sat  down  to  write  our  specification. 
Let  it  be  remembered  that  a  part  of  these  plates  were  of  good  steel, 
that  is,  steel  of  long  life,  and  a  part  poorer;  and  that  all  of  them  had 
done  service  more  or  less.  I  think  you  will  admit,  that  with  such 
data  a  specification  could  be  written  intelligently.  'After  the  speci- 
fication was  drawn  up,  it  was  first  sent  to  the  purchasing-agents, 
with  the  request  that  they  would  send  it  to  all  the  manufacturers  of 
that  material  from  whom  they  might  possibly  wish  to  buy,  and  ob- 
tain their  criticisms.  This  is  our  universal  custom.  We  never  issue 
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a  specification  without  consuItiDg  the  manufacturers.  The  specifi- 
cation is  likewise  sent  to  the  mechanicrl  officials  of  the  Company 
throughout  the  road^  for  their  criticisms.  When  all  these  criticisms 
have  been  collected,  everything  is  embodied  in  the  specifications  that 
can  be  deduced  from  the  experience  on  both  sides.  I  will  say 
frankly  that  this  proposed  specification  for  boiler-plate  has  been 
under  discussion  for  a  number  of  months,  and  we  have  not  yet  issued 
it.  We  spent  two  days  recently  in  Pittsburgh  at  one  of  the  la^e 
steel-works,  talking  over  all  possible  requirements,  ascertaining 
whether  they  could  meet  them,  and  taking  every  suggestion  that 
they  had  to  offer.  Now  we  are  making  a  lot  of  special  tests  on  plates 
furnished  by  manufacturers,  to  see  whether  we  can  make  certain 
modifications  in  the  specification,  which  they  think  would  make  it 
easier  for  them,  and,  as  they  claim,  make  us  a  better  metal.  When 
all  these  requirements  shall  have  been  adopted  and  put  in  print,  we 
shall  think  we  have  got  a  good  reason  for  each  and  all  of  them.  We 
know  that  no  human  work  is  perfect;  and  we  generally  find,  to  our 
annoyance,  that  with  all  the  care  we  have  taken,  we  have  still  to 
revise  our  specifibations.  If  the  first  draft  of  the  specification,  thus 
made  with  the  utmost  care,  will  work  in  actual  use  for  nine  months 
without  running  across  some  difficulty,  either  in  the  manufacture  or 
in  the  service,  which  will  call  for  further  amendment,  we  shall 
think  we  are  doing  very  well.  •Some  of  our  specifications  have  been 
revised  four  times,  and  we  are  constantly  revising  as  we  gain  new 
knowledge.  I  do  not  say  it  in  any  boasting  way,  but  I  dp  really 
think^  if  I  may  judge  from  my  own  experience  in  the  matter,  that 
there  is  a  great  deal  more  of  meaning  and  definite  reason  back  of 
specifications  than  the  mill- men  are  inclined  to  admit. 

I  could  go  into  details  as  to  a  good  many  points,  but  I  will  only 
state  a  single  case.  We  propose,  in  our  new  specifications  for  boiler- 
plates, to  make  what  we  call  a  **  homogeneity-test.*'  It  is  entirely 
a  new  thing ;  at  least,  none  of  the  manufacturers  whom  we  have  con- 
sulted over  the  matter  were  familiar  with  it;  and  some  refuse  to 
give  any  opinion  upon  it.  The  test  is  exceedingly  simple.  We  take 
a  piece  of  the  sheet  under  test,  say  an  inch  wide,  and  6  or  6  inches 
long,  nick  it  on  one  side,  put  it  in  a  vise,  and  bend  it  over  with  a 
hammer  until  we  break  it.  That  will  give  us,  as  you  see,  a  chance 
to  look  at  the  end ;  and  that  slow  bending  opens  out  and  discloses 
whether  there  are  any  little  spaces  in  there,  that  were  probably  origi- 
nally gas-bubbles,  or  bits  of  enclosed  slag,  which  have  been  flattened 
out  simply  in  rolling,  and  not  welded  up.     That  is  a  very  common 
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behavior  of  steel ;  and  those  who  have  not  tried  it  will  be  astonished 
to  find  how  commonly  some  of  the  mild  steels  present  that  appear- 
ance. These  little  cavities  open  out  beautifully  under  the  test. 
Some  pieces  break  off  short  and  do  not  show  anything.  We  regard 
the  cavities  disclosed  by  this  test  as  evidence  of  the  presence  in  the 
steel  of  gas-bubbles  which  have  simply  rolled  out,  or  of  included 
slag.  We  could  not  ask  for  any  better  tensile  strength  and  elonga- 
tion than  we  can  get  out  of  samples,  which  will  show  abundance  of 
these  little  openings.  A  practical  manufacturer  would  say,  "  What 
do  you  care  whether  those  little  things  are  there  or  not?"  Let  me 
tell  you  why  we  care.  The  plate  is  going  to  be  used  in  a  fire-box, 
on  the  inside,  next  to  the  fire ;  in  other  words,  a  sheet  of  metal, 
possibly  three-eighths  of  an  inch  thick,  is  to  have  on  one  side  a  tem- 
perature of  perhaps  8000®  F.  from  the  burning  coal,  and  on  the 
other  side,  where  the  water  is,  about  350°  to  370°  F.,  depending  on 
the  steam-pressure.  The  heat,  passing  through  from  the  fire-side  to 
the  water-side,  comes  to  one  of  these  little  flattened-out  bubbles,  or 
layers  of  enclosed  slag,  which  may  be  passibly  a  quarter-inch  in 
diameter;  and,  since  there  is  a  break  in  the  continuity  of  the  metal, 
the  heat  does  not  go  as  fast  there  as  it  does  through  the  contiguous 
portion.  The  result  is,  that  that  portion  of  the  metal  which  is  on 
the  side  towards  the  fire  at  that  spot,  is  heated  hotter  than  the  con- 
tigu^^us  portion,  where  the  heat  passes  without  any  break  in  the  con- 
tinuity of  the  metal.  As  every  one  knows,  heat  expands  metal ; 
and  the  consequence  is  that  the  overheated  portion  expands  so  much 
that  it  lifts  up  and  becomes  what  we  call  '^  blistered."  Now  experi- 
ence shows  that,  with  the  possible  exception  of  cracks  near  stay-bolts, 
blistering  is  the  principal  cause  which  makes  the  renewal  of  fire-boxes 
necessary.  In  view  of  this  explanation,  we  do  not  hesitate  to  say 
that  we  think  there  is  a  good  sound  reason  why  we  should  ask  for  a 
steel  which  is  as  homogeneous  as  it  is  possible  for  modern  methods 
to  make.     I  could  multiply  such  illustrations. 

The  question  has  been  asked,  why  there  should  be  an  upper  limit 
fixed  for  the  tensile  strength  of  the  metal.  We  think  there  is  a  very 
good  reason  why  there  should  be  an  upper  limit.  In  the  matter  of 
bridge-rods  we  have  had  bitter  experience  in  the  use  of  ^'  high  "  steel. 
There  was  a  certain  Howe-truss  bridge  over  a  small  creek,  which  it 
was  desired  to  strengthen,  so  that  it  would  better  sustain  the  heavier 
engines  and  heavier  cars  which  are  characteristic  of  the  last  ten  or 
fifteen  years  in  railroad  practice.  Accordingly,  from  the  first  two 
bays  out  from  each  pier,  an  iron  rod  was  taken  out,  and  a  steel  rod 
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put  in  place  of  it.  These  rods  were  1|  inches  in  diameter.  The 
steel  tested  96,000  pounds  tensile  strength,  and  22  per  cent,  elonga- 
tion. It  was  perfectly  homogeneous,  was  made  in  the  open-hearth 
furnace,  and  was  in  reality  a  magnificent  metal.  And  yet  those  rods 
broke,  one  after  another,  and  we  had  to  keep  replacing  them.  Now 
the  static  strain  on  those  rods  was  but  a  trifle  over  8000  pounds  per 
square  inch  ;  and  the  iron  rods  in  the  bays,  more  toward  the  center 
of  the  s{)an,  which  were  strained  7500  pounds  per  square  inch,  static 
load,  and  were  of  the  same  size,  and  had  only  50,000  pounds  tensile 
strength,  did  not  break.  At  one  time  this  was  a  mystery.  We  made 
a  study  of  the  case,  and  reached  the  rather  paradoxical  conclusion, 
that  if  the  metal  had  not  been  so  strong,  it  would  not  have  broken. 
I  think  I  can  make  that  clear,  and  show  you  why  we  think  an  upper 
limit  is  of  some  value.  This  piece  of  paper,  bent  at  right  angles, 
may  represent  the  angle-block  which  rests  on  the  top-chord,  and  my 
pencil  will  represent  one  of  the  rods,  reaching  down  through  the 
angle-block  to  the  chord  below.  Since,  as  is  well  known,  bridges 
are  not  accurately  built,  and  even  if  they  were  so,  are  often  distorted 
by  the  load,  it  follows  that  the  nut  on  the  end  of  the  rod  through 
the  angle-block  often  does  not  rest  on  the  angle-block,  over  the 
whole  surface  of  the  nut.  Actually,  in  the  case  which  we  have 
under  consideration,  this  was  found  by  examination  to  be  the  case : 
namely,  the  nuts  bore  against  the  angle-block  on  one  side,  instead  of 
lying  flat  on  it,  so  that  the  whole  load  was  in  reality  sustained  by 
only  a  portion  of  the  metal  in  the  rod.  This  portion  that  was  sus- 
taining the  load  was  unquestionably  strained  far  beyond  its  tensile 
strength,  and  gradually  gave  way,  until  finally  only  a  small  portion 
of  the  total  section  of  the  rod  was  left,  and  the  rod  broke  ofl^  But 
you  ask,  Would  not  wrought-iron  behave  in  the  same  way?  I  an- 
swer, No ;  for  the  reason  that,  as  is  well  known,  along  with  high 
tensile  strength  in  steel  comes  another  quality,  namely,  great  stiffness 
or  unwillingness  to  bend,  a  quality  which  does  not  characterize  iron. 
Iron  rods,  under  these  conditions,  yield  or  bend  a  little,  and  give  a 
complete  bearing  to  the  nut,  while  strong  steel  refuses  to  bend,  and 
consequently  must  break.  Mild  steel  behaves  very  much  like  iron  ; 
and  if  the  engineers,  instead  of  using  a  metal  of  96,000  pounds  ten- 
sile strength  in  this  case,  had  bought  the  metal  under  specifications 
that  it  should  not  exceed  65,000  pounds  tensile  strength,  it  is  prob- 
able that  the  rods  would  not  have  broken. 

I  will  give  you  one  more  illustration,  showing  why  we  do  not 
think  it  is  unwise  to  give  an  upper  limit  beyond  which  your  metal 
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shall  not  go.  Several  years  ago,  we  had  a  spetfifiQation  for  boiler- 
plate which  said:  "Not  below  50,000  pounds  tensile  strength,  and 
not  less  than  25  per  cent,  elongation/'  This  was  in  the  early  days 
of  steel  boilers.  We  began  to  get  the  metal,  and  found  that  some 
of  it  had  75,000  pounds  tensile  strength,  while  the  elongation  was 
all  right.  You  might  say,  every  one  of  you,  that  that  was  abso- 
lutely better  than  we  asked  for,  and  that  surely  we  ought  not  to  com- 
plain of  such  metal ;  yet,  when  we  took  it  to  the  boiler-shop,  and 
began  "  flanging "  it,  it  cracked  and  went  to  pieces.  So  \ve  intro- 
duced into  our  specifications  words  to  this  ciTect:  "  Tensile  strength 
not  less  than  50,000  pounds^  and  not  over  65,000."  We  think  that 
there  was  really  a  good,  sound^  sensible  reason  why  there  should  bo 
an  upper  limit  in  that  case. 

I  am  quite  ready  to  admit  that  there  are  specifications  made  that 
are  unreasonably  difficult  to  fill,  but  I  am  not  at  all  ready  to  admit 
as  a  deduction  that  the  whole  system  of  specifications  and  testing 
should  be  abolished.  The  evil  is  in  the  unreasonable  specifications, 
and  not  in  the  care  that  those  who  use  metal  must  take  to  get  such 
material  as  will  be  satisfactory  in  actual  service. 

In  consultation  with  Mr.  Theo.  N.  Ely,  General  Superintendent 
of  Motive  Power  of  the  Pennsylvania  railroad,  by  whose  authority, 
and  under  whose  supervision,  all  the  specifications  for  materials  in 
the  motive-power  department  of  that  corporation  are  issued,  I  have 
found  him  strongly  in  favor  of  the  maintenance  of  the  specifications. 
Mr.  Ely  says : 

"  So  long  as  I  have  anything  to  do  with  the  matter,  the  specifications  shall  have  mj 
full  support ;  and  I  should  feel  that  we  were  going  back  twenty  years  into  the  dark  ages 
in  the  purchase  of  supplies  for  all  purposes,  should  we  retreat  in  any  degree  from  the 
position  we  have  taken  in  the  incorporation  of  specifications  into  our  system  of  rail- 
road-management. While  we  have,  as  a  railroad,  gained  greatly  through  their  in- 
strumentality, the  manufacturers  themselves  have  been  benefited  in  an  almost  equal 
degree,  in  that  those  who  did  not  really  wish  to  make  honest  material  have  been 
excluded  from  our  patronage,  and  have  not  been  allowed  to  undersell  the  more  reli- 
able manufacturers.  The  Pennsylvania  BailroHd  Ck>mpany's  specifications  have 
been  adopted  by  railroads  scattered  widely  over  the  country,  with  the  effect  of  en- 
abling manufacturers  to  prepare  standard  stock  with  reasonable  assurance  that  it 
could  be  disposed  of.  With  the  routine  adopted  in  the  preparation  of  specifica- 
tions, which  anticipates  consultation  with  the  manufacturers,  I  can  conceive  of  no 
reasonable  ground  for  complaint,  and  no  method  which  would  produce  equally  good 
results.  We  have  on  the  one  hand  the  users  of  the  material,  and  on  the  other 
hand  those  that  manufacture  it,  working  together  to  produce  the  best  results.  Every 
intelligent  manufacturer  must  see  that  it  is  to  his  advantage  to  be  in  close  commu- 
nication with  his  customers  in  order  to  meet  their  requirements.  It  is  equally  true 
that  the  railroad-companies,  or  other  users,  must  familiarize  themselves  with  dif- 
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ferent  processes  and  (hei^  poesibilities,  the  end  to  be  gained  being  a  material  best 
adapted  to  the  Rervice,  at  a  cost  which  will  not  prohibit  its  nse. 

"  What  I  have  said  applies  to  design  as  well  as  material.  While  a  free  and  open 
discussion  of  matters  of  this  kind,  conducted  without  prejudice,  results  in  ultimate 
good,  I  would  have  no  patience,  and  think  it  a  waste  of  time  and  force,  to  discuss 
the  general  question  as  to  whether  material  should  or  should  not  be  purchased  under 
specifications.  By  specifications,  I  mean  those  that  have  been  prepared  with  care, 
and  which  would  be  entitled  to  the  respect  given  to  any  careful  investigation." 

EcKLEY  B.  CoxE,  Drifton,  Pa. :  I  speak  neither  as  a  manufac- 
turer nor  as  a  purchaser  of  iron,  but  rather  to  justify,  from  my  ex- 
perience in  another  line,  the  remark  which  Dr.- Dudley  quoted  from 
me  as  to  the  wholesome  effect  of  outside  inspection  of  some  kind, 
whatever  the  kind  may  be.  As  some  of  you  may  have  heard, 
there  are  two  things  in  "coal," — coal  and  slate. 

A  Member:  Which  do  you  send  to  market? 

Mr.  Coxe  :  Both  (laughter).  Nobody  objects  to  slate  in  coal, — 
just  as  nobody  objects  to  water  in  brandy,  provided  there  is  not  too 
much  of  it.  Now,  in  order  to  satisfy  our  selling  department,  and, 
through  that  department,  our  customers,  I  got  up  an  elaborate  svs- 
tem  of  inspection.  At  firet,  tl.e  departnaent  having  charge  of  ihe 
preparation  of  coal  made  its  own  ins|)ection,  with  daily  reports  cov- 
ering every  car-load  shipped.  But  after  two  or  three  years  I  con- 
cluded that  most  of  my  time  was  likely  to  be  spent  over  disputes 
between  the  New  York  selling-department  and  the  other  departments 
as  to  whether  a  certain  car-load  of  coal,  shipped  perhaps  seven 
months  before,  had  7  per  cent,  of  slate  in  it  or  only  5.  Of  course, 
such  a  dispute  was  between  a  sheet  of  paper  on  one  side  and  a  con- 
sumer's complaint  on  the  other,  and  the  result  was  nothing  but  irri^ 
tation.  So  we  simply  said  to  the  New  York  office :  "  Put  your  own 
man  here,  and  instruct  him  not  to  bill  a  car-load  of  coal  unless  it 
satisfies  your  requirements."  That  is  still  our  rule.  The  prepara- 
tion-department has  nothing  to  do  with  the  inspection.  If  a  ear- 
load  of  coal  is  not  satisfactory  to  the  agent  paid  and  instructed  by 
the  New  York  sales-department,  he  refuses  to  bill  it,  and  it  goes 
back  to  the  breaker.  There  was  a  good  deal  of  "kicking"  for  the 
first  month,  but  now  nobody  would  willingly  go  back  to  the  old 
plan.  We  hardly  know  what  it  is  to  have  a  complaint  about  the 
coal.  The  quantity  turned  back  by  the  inspector  is  scarcely  measur- 
able,— not  a  hundredth  part  of  1  per  cent,  of  the  total  product 
shipped.  Yet  the  number  of  complaints  used  to  be  so  great  as  to 
be  a  daily  annoyance.  The  difference  is  not  due  chiefly  to  improve- 
ments in  our  mechanical  system,  though  improvements  have  been 
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made ;  nor  is  it  merely  that  unfounded  complaints  have  been  cut 
oflF.  The  real  reason  is,  that  everybody  knows  there  is  an  outride 
inspection.  The  breaker-boys  know  that  within  an  hour  after  the 
coal  has  gone  out  of  the  breaker,  it  will  came  back  again  if  they  have 
not  properly  attended  to  their  duty,  and  they  will  have  to  stay  there 
after  six  o'clock  to  repair  their  neglect."  Every  slate-picker,  every 
screen-boss,  every  platform-boss,  every  man  about  the  breaker,  knows 
that  if  coal  thus  comes  back,  there  will  be  growling  among  those  who 
are  thus  put  to  extra  trouble,  and  that  the  blame  will  be  brought 
home  to  somebody,  not  by  the  manager  only,  but  by  everybody  con- 
cerned. The  inspector  does  not  turnback  one  car  in  thousands; 
but  the  fact  that  he  is  fAere,  is  entirely  independent  of  anybody  else 
who  is  there,  and  would  just  as  soon  reject  a  thousand  cars  as  one, 
has  a  very  salutary  effect.  If  he  should  prove  unreasonable,  that 
would  be  reported  to  me,  and  I  should  have  a  conference  about  him 
with  the  New  York  department.  In  fact,  nothing  of  that  kind  has 
ever  occurred;  and  our  experience  is  perhaps  all  the  more  valuable 
to  others  as  showing  that,  even  in  a  business,  the  two  departments  of 
which  are  controlled  by  ourselves,  we  find  it  advisable  to  separate 
them  entirely  in  this  respect,  and  to  make  one  department  a  check 
on  the  other,  by  providing  for  the  inspection  of  results  practically 
in  the  interest  of  the  consumer,  independent  of  the  producer. 

R.  W.  Raymond,  New  York  City :  The  principle  stated  by  Dr. 
Dudley  and  Mr.  Coxe  is,  I  think,  of  universal  application,  and  so 
important  that  further  illustrations  of  it,  though  apparently  far- 
fetched, may  serve  to  emphasize  if.  To  begin  with  the  most  remote : 
the  granting  of  degrees  at  our  institutions  of  learning,  upon  exami- 
nations conducted  by  the  teachers  of  the  candidates,  is  like  our  in- 
spection of  iron,  made  by  the  manufacturer  himself;  and  the  result 
has  been  to  cheapen  the  value  of  all  such  distinctions.  Whenever 
the  principle  of  a  true,  impartial  inspection  is  introduced,  the  value 
of  the  result  rises.  Thus,  the  degree  of  M.D.,  given  by  the  Uni- 
versity of  London,  upon  severe  examinations  only,  and  to  any  can- 
didate^ wherever  he  may  have  studied,  is,  as  I  am  informed,  so  highly 
prized  that  medical  students  come  from  all  quarters  to  strive  for  it ; 
and  whoever  wins  it  and  can  put  the  symbol  of  it  upon  his  card  is 
sure  of  professional  business  at  once.  No  doubt  many  college  facul- 
ties conscientiously  maintain  a  high  standard  as  to  the  bestowal  of 
degrees,  though  it  is  equally  certain  that  not  all  of  them  do  so.  But 
the  great  fact  remains,  that  self-inspection  is  not  conclusive  or  satis- 
factory. 
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Within  the  limits  of  one  and  the  same  business,  it  is  highly  im- 
portant that  both  the  inspection  of  product  and  the  auditing  of  ac- 
counts (which  is  also  a  kind  of  inspection)  should  be  separated  from 
the  manufacturing  department  altogether.  The  larger  the  business^ 
the  more  easily  this  can  be  done,  because  on  a  great  scale  of  opera- 
tions there  will  be  work  en6ugh  of  this  kind  to  justify  the  mainte- 
nance of  separate  departments  to  attend  to  it.  In  smaller  establish- 
ments it  is  perhaps  not  so  easy ;  but  I  am  convinced  that  many  con- 
cerns which  are  not  considered  by  their  owners  to  require  absolutely 
independent  inspecting  officers  would  find  profit  in  this  additional 
expense.  At  all  events,  so  far  as  practicable,  the  man  who  is  wholly 
or  partly  responsible  for  the  quality  of  a  product  ought  not  to  pro- 
nounce the  decisive  judgment  upon  it.  It  is  better  for  him,  as  well 
as  for  his  employers,  that  his  work  shall  be  tested  by  another. 

On  the  other  hand,  I  heartily  concur  with  the  view  of  Mr.  Morris 
and  Mr.  Williams  that  when  a  purchaser  upon  prescribed  specifica- 
tions has  had  the  opportunity  of  testing  material  through  his  own 
inspector,  the  acceptance  of  the  inspector  should  be  final.  There  is 
no  justice  in  a  vague  and  indefinite  responsibility.  If  the  buyer 
proposes  to  hold  the  seller  responsible  for  ultimate  results  in  prac- 
tice, let  him  say  8o,  and  not  attempt  to  prescribe  the  means.  Let 
him  say,  I  want  a  rail  that  will  outwear  so  many  thousand  tons  of 
traffic  at  such  a  speed  in  such  a  position  on  such  a  track, — ^and  get 
it,  if  he  can,  or  refuse  to  pay  for  it  if  he  cannot.  But  if  he  says, 
on  the  contrary,  I  want  a  rail  of  such  composition,  enduring  such 
and  such  tests,  and  I  want  my  own  inspector  to  try  it  and  accept  it; 
then  he  ought  to  stand  by  that  bargain,  whatever  may  be  the  result 
in  practice.  The  same  should  be  true  of  all  construction-iron  or 
steeL  And  if  this  principle  were  enforced,  it  is  clear  that  there' 
would  be  an  irresistible  pressure  upon  consumers  and  their  engineers, 
both  to  draw  specifications  with  care  and  to  select  inspectors  whose 
judgment  they  could  afford  to  rely  upon  as  final  and  safe.  It  may 
be  because  the  engineer  thinks  he  can  rectify  by  subsequent  rejection 
any  carelessness  or  ignorance  of  the  inspector,  that  he  is  willing  to 
let  a  young  fellow,  without  the  necessary  experience,  do  the  test- 
ing. 

One  thing  more,  and  it  might  be  made  the  text  for  a  long  dis- 
course. Unnecessarily  severe  requirements  always  involve  lax  en- 
forcement Reasonable  and  practicable  conditions  can  be  and  ought 
to  be  strictly  enforced.  Maximum  requirements  frighten  away 
sometimes  the  honest  bidders,  and  invite  those  who  either  do  not 


STRUCTURAL   WROUGHT-IRON   AND  STEEL.  713 

understand  what  they  are  promising,  or  rely  on  evading  its  perform- 
anee  in  some  unworthy  way. 

Giving  wide  discretion  to  the  inspector  is  not  the  best  remedy  for 
this  vice  in  the  specifications.  It  is  not  fair  to  the  manufacturer  or 
the  inspector  that  the  iMer  of  the  specifications  should  be  so  unrea- 
sonable as  to  require  to  be  set  aside.  Better  demand  less,  and  be 
more  sure  that  you  get  it.  We  put  our  sevei'ity  in  the  wrong 
place. 

Walter  E,  Koch,  Pittsburgh,  Pa. :  An  experience  of  twenty 
years  in  the  open-hearth  steel  manufacture,  and  a  less  extended  ex- 
perience with  Bessemer  and  Clapp-Griffiths  steels,  has  led  me  to  re- 
gard the  following  tests  as  the  best : 

1.  A  straight  test-piece,  20  inches  long,  properly  prepared  for  8 
inches  in  the  middle,  should  be  pulled,  and  the  elastic  limit,  ultimate 
strength,  elongation,  and  reduction  of  area  noted.  I  think  8  inches, 
and  no  other  length,  should  be  the  standard  for  test.  The  present 
1-inch  marine  test  is  absurd  and  of  no  value  whatever. 

2.  When  plates  or  bars  are  annealed,  I  think  tests  should  be  taken 
after  annealing. 

3.  The  drifting-test,  if  done  fairly,  and  in  presence  of  the  maker's 
representative,  is  a  good  one.  It  has  been  in  use  in  some  places  for 
years. 

4.  The  cold-bends  and  quench-bends  are  both  essential — especially 
the  latter  for  steels  running  above,  say,  0.18  in  carbon. 

5.  One  test  per  melting-heat  should  be  the  minimum. 

6.  I  would  never  allow  an  inspector  to  stamp  rejectee!  material. 
This  was  tried  once  in  Scotland,  and  had  to  be  abandoned. 

7.  I  am  strongly  in  favor  of  having  all  inspection  done  at  the  mill 
before  shipment.  The  "  coupon  "  system  is  unfair.  Audi  alteram 
partem  should  be  the  motto  over  every  testing-room ;  and  surely, 
both  parties  should  be  represented  at  so  important  a  time.  More- 
over, much  delay  and  trouble  is  often  occasioned  by  the  coupon- 
system,  to  say  nothing  of  accidents  caused  by  the  projecting  coupon. 

8.  I  think,  also,  th^t  inspectors  should  be  made  conversant  with 
the  methods  of  manufacture.  In  this  way,  mutual  confidence  is  es- 
tablished to  the  great  advantage  of  both  parties. 

John  J.  Williams,  Youngstown,  Ohio  (substance  of  a  commu- 
nication forwarded  to  the  Secretary  by  Mr.  Hunt) :  In  beginning  the 
manufacture  of  structural  iron  we  encountered  many  difficulties  and 
annoyances,  connected  with  the  securing  of  suitable  pig-iron,  the 
proper  adjustment  of  rolls,  etc.,  and  the  training  and  disciplining  of 
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workmen.  After  getting,  by  careful  selection  of  ores,  the  required 
quality  of  pig,  we  educated  our  puddlers  until  they  knew  how  to 
produce,  not  merely  a  sound-looking,  but  a  really  good  muck-bar, 
and  then  held  them  strictly  to  the  fair  requirements,  which  they 
clearly  understood.  This  was  no  small  task  to  be  performed  upon 
more  than  400  puddlers  and  helpers.  I  need  not  say  that  to  deter- 
mine the  adjustment  of  grooves  and  rolls,  the  size  and  construction 
of  piles  for  given  sections,  etc.,  so  as  tq  secure  sound  edges  and  flanges, 
maximum  reduction,  proper  flow  of  metal,  etc.,  without  sacrificing 
the  physical  qualities  of  the  finished  shape,  was  not  the  work  of  a 
day.  When  all  these  conditions  had  been  perfectly  met,  the  result 
might  be  spoiled  by  over-heating  or  under- heating. 

Having  run  the  gauntlet  of  the  blast-furnace,  the  puddling-fur- 
nace,  the  heating-furnace,  and  the  rolls,  we  encountered  the  inspector. 
At  first  introduction,  we  felt  a  good  deal  of  prejudice ;  and  a  short 
experience  brought  decided  ill-feelings.  I  speak  frankly,  and  for 
our  own  case  only.  Perhaps  the  fault  was  partly  on  our  side — ^but 
it  was  not  wholly  so.  We  thought  that  our  honest  and  laborious 
eiTorts  to  overcome  such  difficulties  as  I  have  mentioned,  entitled  us 
at  least  to  be  judged  by  men  who  appreciated  them.  We  felt  that  we 
had  just  cause  to  complain  when  (as  waB  sometimes  the  case)  men 
were  sent  to  us  as  inspectors  who  had  not  the  necessary  experience 
to  warrant  the  indiscriminate  condemnation  of  material  in  which 
they  indulged.  I  hold  the  same  opinion  still.  In  some  instances, 
we  refused  to  make  iron  subject  to  the  inspection  of  particular  men, 
in  whom  we  had  no  confidence. 

Experience  soon  taught  us  that  suspicion  and  distrust  were  mutual. 
Samples  set  aside  in  the  inspector's  absence  were  examined  and 
questioned  as  if  suspected  of  being  fraudulent  substitutes,  not 
genuine  representatives  of  the  iron  to  be  tested.  Sections  were 
required  to  be  cut  from  bars  already  prepared  for  shipment;  and 
against  such  demands,  involving  loss  and  delay  in  filling  orders, 
we  naturally  "  kicked."  So  the  fight  went  on,  until  we  were  about 
ready  to  let ''  some  other  fellow''  have  all  the.pleasure  and  profit  of 
the  structural-iron  business.  But  some  of  our  friends  went  on  send- 
ing orders,  and  took  pains  to  send  us  more  experienced  and  reasonable 
inspectors;  and,  little  by  little,  the  situation  became  better,  on  both 
sides,  probably.  We,  perhaps,  were  toned  up  a  little,  and  the  in- 
spectors were  certainly  toned  down  a  little.  At  all  events,  our  inter- 
course with  them  has  been,  for  some  years,  as  pleasant  as  could  be 
wished.     We  have  got  beyond  the  8ti8pioion4ine  on  both  sides ;  and 
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the  result  of  the  high  standard  of  exoellenoe  earnestly  maintained 
by  us^and  cordially  recognized  and  assisted  by  them,  is  an  undoubted 
benefit  to  every  department  of  the  business. 

From  my  experience  I  should  say,  that  50,000  pounds  tensile 
strength,  20  per  cent,  reduction,  25  per  cent,  elongation,  and  30,000 
pounds  elastic  limit,  would  be  a  fair  formula  for  the  requirements 
of  structural  iron.  Higher  figures  may  be  reached,  with  careful 
selection  of  material,  and  continuous  vigilance  at  every  stage  of 
manufacture  from  pig  to  bar ;  but  it  seems  to  me,  sometimes,  that 
those  who  require  so  much,  in  ordinary  market-purchases,  incur  great 
risks  of  failure.' 

To  Mr.  Hunt's  suggestion,  that  inspectors  should  be  permitted  to 
note  and  report  upon  methods  of  manufacture,  including  material 
used,  size  of  piles,  manner  of  rolling,  etc.,  I  have  always  been,  and 
shall,  I  think,  continue  to  be,  decidedly  opposed.  Whatever  may  be 
the  competency  of  individuals,  inspectors  as  a  class  are  certainly  not 
competent  to  judge  of  details  which  it  takes  a  lifetime  to  learn.  They 
certainly  ought  to  know  how  to  measure  the  results  obtained ;  but 
that  does  not*  involve  knowing  all  about  the  means.  Moreover, 
the  final  judge  of  results  ought  not  to  be  also  the  critic  of  the  means 
by  which  they  are  attained.  If  he  has  previously  approved  the 
method  of  manufacture,  or,  perhaps,  has  even  suggested  improve- 
ments in  it  which  the  management  has  adopted,  he  must  be  preju- 
diced in  favor  of  the  results;  and,  if  he  does  not  like  the  methods, 
or  has  made  suggestions  which  were  not  accepted,  he  will  be  tempted 
to  find  in  the  metal  he  inspects  the  faults  which  he  is  sure  his  re- 
jected advice  would  have  prevented.  When  it  becomes  necessary  for 
me  to  permit  the  process  of  manufacture  to  be  supervised  by  in- 
spectors who  have  the  power  of  finally  rejecting  the  product,  while 
I  bear  the  responsibility  of  the  business,  my  place  will  be  open  for 
a  successor. 

I  have  omitted  to  mention,  as  perhaps  a  matter  of  some  interest, 
a  test  practiced  in  our  works,  which,  I  think,  is  not  common,  namely, 
a  test  of  elongation  along  the  whole  bar,  from  grip  to  grip,  in  which 
the  reduction  is  very  uniform  on  both  sides,  almost  to  the  breaking- 
point. 

GusTAVUS  C.  Hennino,  New  York  City  :*  For  the  intelligent 
discussion  of  this  subject  it  is  essential  that  a  complete  study  of  it 

*  Mr.  Henning's  contribution  was  presented  at  the  Baltimore  meeting,  Febru- 
ary, 1892,  and  the  concluding  remarks  of  Mr.  Hunt  were  subsequently  received. 
Both  are  published  in  this  volume^  in  order  to  bring  the  whole  discussion  together. 
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shall  precede  any  dedactions.  Personal  experienoe  may  replace 
study  to  a  certain  extent;  but  in  rare  cases  only  is  this  sufficiently 
comprehensive  to  be  the  basis  of  sound  judgment  A  knowledge  of 
the  literature  relating  to  it  is  indispensable;  and  as  much  of  that 
literature  exists  in  foreign  languages  only,  it  is  a  task  of  no  mean 
proportions  to  become  posted  in  the  different  branches.  The  work 
of  an  '^  inspector  of  materials  "  is  hampered  by  much  clerical  work, 
mill-routine,  and  other  troublesome  matters,  so  that  he  rarely  has 
an  opportunity  to  do  anything  but  carry  out  the  work  directly 
entrusted  to  him.  '  It  is  also  true  that  routine-work  and  commer- 
cial testing  rarely  develop  new  methods,  these  being  deduced  from 
experiments  and  tests  carried  out  in  laboratories,  where  the  behavior 
of  materials  under  different  treatment  and  conditions  is  investigated 
by  those  who  have  the  time  and  freedom  to  look  at  the  subject  from 
all  sides. 

The  methods  now  obtaining  in  this  country  were  not  introduced 
by  mill-managements,  bridge-works  or  inspection-agencies,  but  grad- 
ually by  engineers  or  individual  inspectors,  and  in  spite  of  strenuous 
objections  from  the  mills  and  shops.  The  methods  ^proposed  and 
n&w  quite  generally  adopted  had  been,  with  few  exceptions,  deduced 
and  proved  by  laboratories  in  this  country  and  abroad.  Ten  years 
ago  very  little  testing  was  done,  and  under  widely  varying  condi- 
tions or  instructions  from  engineers;  and  instead  of  improving  or 
facilitating  or  cheapening  the  work,  as  done  at  first,  it  appears  to 
have  been  growing  poorer  and  more  superficial. 

It  seems  perfectly  proper  and  logical  that  the  party  who  buys 
material  shall  have  the  right  to  say  which  and  how  many  tests  shall 
be  applied,  and  that  the  mill-managers  shall  have  the  right  to  say  how 
such  material  shall  be  made.  It  would  be  strange  indeed  to  make 
the  manufacturer  the  judge  for  the  buyer  as  well. 

In  his  paper  (page  679),  Mr.  Hunt  states  three  propositions,  which 
are  called  self-evident,  but  a  study  of  the  second  and  third  of 
these  shows  them  to  be  anything  but  that.  In  the  second  it  is  assumed 
that  testing  is  a  matter  arbitrary  with  the  engineer  and  left  to  his  dis- 
cretion alone,  whereas  it  is  always  clearly  defined  in  a  properly-written 
specification,  and  there  is  never  any  trouble  when  the  prescribed  re- 
quirements are  fulfilled.  Nor  is  the  expense  considerable,  except 
when  the  material  is  not  satisfactory,  and  particularly  when  the  con- 
tractors have  not  properly  studied  the  requirements  before  making 
their  bids.  It  is  well  known  that  certain  specifications,  which  are 
quite  reasonable  for  wrought-iron  made  in  the  Pittsburgh  district, 
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cannot  be  filled  in  the  East;  and  that  others  drawn  for  Eastern 
mills,  and  which  would  there  secure  first-class  material^  would  be 
unsuited  in  the  West  to  obtain  equally  satisfactory  results.  Still, 
these  different  specifications  are  used  indiscriminately  in  the  different 
districts,  and  prices  are  made  irrespectively.  Can  it  be  surprising 
that  trouble  results? 

The  engineer,  having  written  his  specifications  for  the  purpose  of 
obtaining  a  certain  kind  of  iron  for  the  price  bid,  it  seems  self-evident 
that  he  has  the  right  to  call  for  any  number  or  kind  of  tests  to  ob- 
tain a  complete  knowledge  of  the  particular  lot  of  material  offered 
to  him  at  a  definite  charge  for  each  kind  of  test,  agreed  upon  in  ad- 
vance, and  to  be  paid  by  the  engineer.  Every  mill-manager  must 
know  the  precise  cost  of  all  kinds  of  tests,  as  thousands  of  them  are 
made ;  hence  this  item  of  expense  should  never  be  in  doubt.  Fur- 
thermore, every  department  of  a  mill  should  be  self-sustaining  and 
show  a  profit  at  the  end  of  a  year;  hence,  if  a  given  profit  be  added 
to  the  cost  of  making  tests,  no  complaint  can  be  made  as  to  their 
number.  It  is  only  bad  practice  to  leave  so  important  a  matter  to 
arbitrary  arrangement,  after  contracts  have  been  signed.  There 
should  also  be  no  trouble  in  obtaining  the  material  from  which  to 
cut  test- pieces;  for  if  shapes  are  properly  cropped,  and  not  pared  off 
as  scantily  as  has  become  the  practice  in  some  mills,  there  will  always 
be  sui&cient  on  hand  for  this  purpose.  The  argument  that  test- 
pieces  must  not  be  cut  from  crop-ends  because  these  are  not  good 
material,  is  not  a  sound  one.  If  the  material  is  unsatisfactory  on 
one  side  of  a  shear-cut,  it  cannot  be  satisfactory  on  the  other  side 
immediately  adjoining.  A  crop-end  should  be  so  long  that  there 
can  be  no  doubt  about  the  quality  of  the  remaining  material.  The 
argument  that  it  is  expensive  to  have  large  crop-ends  or  much  scrap 
is  only  partially  true,  because  the  only  loss,  as  a  rule,  is  not  at  all 
the  cost  of  material  cut  off,  but  mainly  the  cost  of  labor  required  to 
reconvert  it  into  a  merchantable  shape  (except  in  such  works  as  do 
not  make  steel,  but  purchase  it  elsewhere  and  merely  roll  it).  We 
understand  well  enough  that  these  are  favorite  arguments  in  mills; 
but  as  we  acquire  experience  in  mill-methods,  we  are  better  able  to  ap- 
preciate their  force.  It  is,  however,  probable  that  in  some  of  our  roU- 
ing-mills,  where,  by  reason  of  lack  of  proper  system,  the  total  wastes 
are  greater  than  the  total  profit  of  an  English  mill,  testing  and  crop- 
ping may  cause  extraordinary  expenses. 

The  third  proposition  is  not  more  self-evident  than  the  second. 
Specifications  were  never  written  at  random  or  previous  to  obtaining 
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an  approximate  knowledge  of  the  qualities  of  materials ;  and  it  seems 
odd  to  read  in  a  paper  presented  at  a  meeting  of  this  Institute  of 
"unnecessary  tests/^  *'  too  rigid  requirements,"  and  the  like.  There 
never  has  been  a  specification  written  for  wrought-iron  the  require- 
ments of  which  were  not  easily  fulfilled,  after  a  little  effort,  by  the 
best  mills,  such  as  the  Union  Iron  Mills  of  Carnegie  Bros.  &  Co., 
and  a  few  others,  although  material  of  the  required  properties  could 
not  have  been  obtained  in  the  East.  Quoting  from  well-known 
specifications,  such  as  those  of  Bouscan^n,  Vaughan,  Cooper  and  the 
Bridge-builders'  so-called  ''  standard  specifications,"  we  find  the  fol- 
lowing requirements. 

The  first  (Bouscaren  and  Vaughan)  has  been  called  severe  and 
difficult  to  fill,  and  is  generally  declared  to  be  too  rigid,  although 
without  reason;  the  second  (Cooper's)  is  oftener  adhered  to,  and 
answers  well  for  Pittsburgh  iron,  but  cannot,  except  in  some  cases,  be 
met  by  eastern  mills;  the  third  (Bridge-builders')  is  used  more  or  less, 
but  the  trouble  with  it  is  that  anything  which  any  mill  turns  out 
will  fill  the  requirements  prescribed  ;  and  if  the  first  set  of  test-pieces 
are  not  satisfactory,  a  set  can  be  obtained  under  these  specifications 
which  will  give  the  desired  results  for  the  record.  They  are  also 
illogical  and  contradictory  in  several  points.  .On  page  720 1  give  aver- 
age results  of  tests,  taken  from  my  own  record,  of  iron  from  Pitts- 
burgh and  eastern  mills,  which  will  illustrate  these  remarks  more 
fully. 

These  results  show  that  there  would  be  no  difficulty  in  meeting 
the  first  three  specifications  in  Pittsburgh  mills,  but  that  eastern  iron 
would  never  answer.  On  the  other  hand,  while  the  eastern  iron 
would  always  more  than  answer  for  the  bridge-builders'  specifica- 
tions, the  poorest  iron  made  in  the  Pittsburgh  district  would  do  the 
same.  Cooper's  specifications  cannot  be  met  entirely  in  the  East, 
except  when  they  are  interpreted  liberally,  according  to  their  pre- 
facing motto :  "  The  most  perfect  system  of  rules  to  insure  success 
must  be  interpreted  upon  the  broad  grounds  of  professional  intelli- 
gence and  common  sense."  There  is  no  intention  on  my  part  to 
condemn  eastern  iron.  It  is  really  good  material ;  but  I  desire  to 
call  attention  to  the  fact  that  it  is  of  a  totally  different  kind,  and 
should  be  recognized  as  such  in  contracts  and  specifications,  just  as 
much  as  charcoal-  or  Swedish-iron,  or  high-carbon  and  low-carbon 
steels. 

Specifications  for  steel  have  likewise  given  no  trouble  at  certain 
mills,  although  others  could  not  have  filled  them.  But  in  both  cases 
bids  have  been  handed  in  without  regard  to  requirements,  and  even 
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with  the  positive  knowledge  in  advance  that  the  mills  offeriDg  to 
supply  the  material  had  never  made  any  having  the  desired  qualities. 
The  bidders  trusted  to  good  luck  to  get  through  with  their  contracts 
as  easily  as  possible. 


Qualities. 

Pittsburgh  Mills. 

1 
Eastern  MUls.     1 

■ 

a.  £Ja8tic  limit 

Lbs. 
Over  27,500 

Lbs.         ; 

24,000          i 

Teksilb  Strength  : 
6.  Of  full-sized  bar  under  4^  in.  square 

c  Of       "          "    over     "      « 

d.  Of  i-in.  soecimen  from  b 

60,500  to  54,500 

60,600 
53,000  to  56,000 
50,500  to  53,000 

50,300 

49,700 

1 

1 
48,000 

46,000 

49,000 

48,7£^0 

49,000 

48.000 

e.  Of   "            "            "    c 

/.  Of   "            "          '«  angles  and  shapes 
a.  Of   "            **              plates. 

Elongation  : 
,    fOf  6  in  full  lenirth 

Per  cent 

25  to  18 
12 

28  to  22 
22 

18 

17 

Per  cent. 
16 
14 

26 
23.5 

'*•  lOf  c      **            "     

.  f  Of  d  in  8  inches 

*'lOf  «  in  •*           

ife.    Of/  in  "           

12 

I,     Of  a  in  "          

14 

* 

An  engineer,  undoubtedly,  has  the  right  and  privilege  to  draw  up 
specifications  for  wrought-iron  and  steel,  the  requirements  of  which 
can  be  fulfilled  by  certain  mills  only,  and  the  fact  that  an  engineer 
calls  for  bids  in  accordance  with  his  specifications  does  not  make  it 
necessary  for  all  works  to  bid.  Such  a  view  would  be  a  positive 
wrong  in  some  cases.  The  engineer  has  nothing  to  do  with  the 
broker  or  agent,  and  if  the  mills  obtain  their  orders  through  such 
a  person,  they  must  take  the  responsibility  of  his  action,  and  make 
sure  in  advance  that  he  is  competent  and  trustworthy. 

Among  drug-brokers  and  commission-merchants  there  is  a  well- 
understood  code  of  ethics,  and  goods  are  invariably  sold  by  specifi- 
cations, samples  and  afler  inspection.  When  the  goods  furnished 
are  not  satisfactory,  the  lot  is  either  rejected  entirely,  or  the  price  is 
lowered  to  suit  the  degree  of  inferiority  or  damage.  It  would  be  to 
the  advantage  of  all  persons  interested  in  the  iron  and  steel  business 
to  grade  the  price  of  all  material  with  reference  to  its  qualities  pre- 
cisely as  is  done  in  other  mercantile  transactions. 
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As  a  rule,  mill-men  know  before  the  inspector  does  whether  any 
single  piece  is  defective  or  not,  and  they  should  then  immediately 
replace  it  before  changing  rolls,  and  not  depend  upon  the  leniency, 
good  nature  or  ignorance  of  the  inspector  to  have  material  accepted 
which  they  know  to  be  defective.  This  has,  unfortunately,  been  the 
method  at  some  mills ;  and  when  an  inspector  does  know  his  duties 
toward  his  engineer,  he  is  criticized  as  incompetent,  severe  and  un- 
reasonable. Moreover,  it  is  a  common  practice  to  try  to  force  an 
engineer  to  accept  a  defective  piece  on  the  ground  of  the  delay  which 
would  result  from  rejection.  In  our  better  mills,  which  make  an 
honest  efibrt  to  fulfill  their  contracts  in  a  liberal  manner,  this  case 
rarely  arises.  When  material  is  inspected  with  proper  promptness 
for  surface-defects  and  correctness  of  shape,  any  shortcomings  will  be 
detected  before  changing  rolls,  and  can  be  rectified  instantly.  Of 
course,  when  boys,  without  experience  or  authority  to  reject,  are 
employed  as  inspectors,  there  never  can  be  harmony  between  the  mill 
and  the  engineer.  What  are  styled  *'  excessive  rejections "  never 
occur,  unless  the  contractor  is  trying  to  keep  as  close  to  the  minimum 
limits  as  possible,  and  then  he  has  himself  alone  to  blame,  for  it  is 
self-evident  that  no  contractor  will  allow  an  inspector  or  engineer  to 
impose  upon  him  or  compel  him  to  furnish  material  better  than  that 
contracted  for.  The  fact  that  a  mill  has  undertaken  to  furnish 
material  better  than  it  can  make,  does  not  permit  the  inspector  to 
accept  the  material  it  can  furnish,  when  both  know  it  to  be,  though 
not  ^Mnferior  material "  in  a  general  sense,  yet  below  the  requirements 
of  the  contract. 

The  drifling-test  (page  681),  is,  as  described  by  Mr.  Hqnt,  '^  a 
practical  test  that  shows  the  actual  behavior  of  the  metal,  and  can  be 
made  upon  scrap-pieces  without  wasting  merchantable  stock  and  with- 
out expensive  machine-shop  work  upon  the  test- specimens."  Inas- 
much  as  a  rough  sheareil  piece  of  scrap,  .with  a  hole  punched  in  it,  is 
used  for  this  test,  it  will  readily  be  seen  that  it  can  be  made  a  correct  test 
only  when  applied  to  very  low  steel,  as  other  steels  and  all  wrought- 
iron  are  considerably  and  injuriously  affected  by  punching  and  shear- 
ing. Furthermore,  the  number  of  the  blows  of  the  sledge,  its  weight 
and  height  of  fall  or  force  of  blow,  are  not  mentioned  or  observed  ; 
neither  is  the  duration  of  the  test  or  the  rapidity  of  repetition  of 
blows, — all  of  which  affect  the  results  more  or  less.  It  is  incorrect, 
therefore,  to  claim  for  this  test  that  ''  it  presents  the  further  advan- 
tage that  exact  data  can  be  obtained  for  records  regarding  it,^'  and 
VOL.  XX. — 46 
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the  opinion  that  it  '^should  be  one  of  the  standard  tests  of  wrought- 
iron  and  steel  plate  and  shapes''  is  not  well  founded. 

Nowhere  have  any  series  of  dri fling-tests  been  made  and  pub- 
lished, except  by  Riley,  of  Scotland,  which  would  allow  us  to  a&snrae 
that  we  are  well  informed  about  their  practicability  and  the  relation 
between  the  results  obtained  and  the  properties  of  the  materials  as 
determined  by  other  tests.  It  is  premature  to  advise  the  general  and 
immediate  adoption  of  the  driftiug-test. 

For  this  reason  it  is  not  on  the  list  of  tests  proposed  for  scientific 
testing  in  the  **  Report  of  Committee  on  Standard  Tests  and  Methods 
of  Testing  Materials/'  Trans.  A.  S.  Mech.  Eng.,  xi.,  pp.  628 
and  629. 

Mr.  Hunt  says,  also,  that  the  hardening  or  quenching  test,  as  pro- 
posed by  the  above  committee,  is  of  'Moubtful  utility,  exoept  when 
carefully  made  ....  the  amount  of  hardening  depending  not  only 
upon  the  hardness  in  the  steel,  but  also  upon  the  temperature  to 
which  it  is  heated,  and  the  character  of  the  solution  into  which  it  is 
plunged  to  quench  it."  In  describing  the  hardening-test,  the  report 
already  cited  says  (p.  628) : 

**  9.  Hardeniug-tests  are  to  be  made  by  making  the  foregoing  bending-tests^  onlj 
carrying  them  on  to  rupture,  and  reading  the  angle  at  which  rupture  occurs ;  then 
other  pieces,  exactly  similar  to  those  thus  tested,  are  to  be  heated  carefully  to  a 
fair  red-heat,  and  then  plunged  into  water  at  a  temperature  of  70°  to  75°  F.  [Erro- 
neously printed  *'  32°  to  40°  F.,"  but  subsequently  corrected  by  circular.]  These 
quenched  pieces  are  then  te  be  tested  precisely  as  those  tested  in  their  natural  con- 
dition, and  the  angle  through  which  they  bend  before  fracture  occurred  is  to  be  care- 
fully noted ;  the  difference  in  the  amount  of  possible  flexure  in  the  two  cases  repre- 
sents the  amount  of  hardening  produced." 

It  will  be  generally  admitted  that  tests  are  worthless  unless  care- 
fully made,  and  a  "  fair  red-heat "  and  "  water  at  32°  to  40''  F.*'  are 
probably  sufficiently  clear  to  most  engineers  who  know  how  to  test 
to  prevent  errors  or  misunderstanding  on  their  part. 

Mr.  Hunt  states  (pp.  681, 682)  that  "  the  bending-test  for  soft  struc- 
tural steel  is,  by  itself,  not  a  crucial  test  of  quality,"  and  also  that 
'*  it  need  hardly  be  remarked  here  that  the  nicked  bending>test 
is  not  applicable  to  steel  except  under  special  conditions^  as  in 
rivets." 

All  authorities  on  steel  are  agreed  as  to  the  value  of  the  bending 
and  nicked  bending-tests  of  steel,  some  even  going  so  far  as  to  assert 
that  chemical  analyses  may  be  omitted  when  they  are  properly  made, 
as  by  them  the  presence  of  undesirable  elements  in  too  great  propor- 
tions can  be  determined.     For  proof  of  this,  I  refer  to  the  report  to 
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the  Department  of  Railroads  of  Prussia,  by  Mr.  George  Mehrtens, 
Bromberg,  May,  1891 ;  to  a  lecture  by  Prof.  R.  Krohn  before  the 
Verein  Deutscher  logenieure,  and  published  in  their  official  organ, 
the  Zeitachrifty  in  1891 ;  also  to  the  '^  Report  on  the  Use  of  Low 
Steels  for  Structural  Purposes/'  made  to  and  published  by  the  Yerein 
Oesterr.  Ing.  u.  Architekten,  1891 ;  also  Lebasteur's  Sur  VAcier^ 
1884,  and  many  other  authorities. 

All  of  these  reports  demonstrate  the  great  importance  of  bending- 
tests  and  point  out  their  searching  character,  and  particularly  empha- 
size the  value  of  the  nicked  bending-test  for  steel. 

Mr.  Hunt  observes  (page  683),  that  the  ^'bulging-test  recom- 
mended by  Kirkaldy,  though  not  often  used  in  this  country,  is  a 
useful,  practical  measure  of  the  ductility  of  the  metal^  and  especially 
adaptable  for  testing  soft  flange- steel.'' 

Kirkaldy  alone  makes  and  recommends  this  peculiar  test,  and  it  is 
never  made  in  this  country.  Hot  flanging-tests  are  regularly  made 
to  determine  flanging-qualities  of  boiler-steels,  but  it  is  not  clear  how 
a  cold  bulging-test  can  determine  the  qualities  of  the  same  material 
when  hot.  As  there  are  no  published  results  of  buckling-tests,  com- 
parisons are  out  of  the  question ;  and  as  the  relation  between  '^  bulg- 
ing "and  ductility  has  never  been  investigated  or  determined,  the 
amount  of  bulging  cannot  be  called  a  '^  measure"  of  ductility. 

The  results  of  a  bulging-test  depend  upon  the  size  of  plate,  of' 
opening,  of  plunger,  of  edges  of  all  three,  upon  thickness  of  plate, 
upon  speed  of  test,  and  other  matters,  so  that  the  effect  of  variation 
of  each  must  be  determined  before  any  precision  can  be  claimed  for 
it.     No  such  determinations  have,  as  yet,  been  made. 

Mr.  Hunt's^  paper  nowhere  mentions  one  of  the  most  important 
and  crucial  tests  that  can  be  made  for  the  purpose  of  determining  and 
measuring  ductility,  viz.,  the  '^  drop-test."  This  and  its  value  are 
most  fully  explained  by  Prof  A.  Martens,  in  his  recent  publication, 
in  the  reports  of  the  Royal  Testing  Laboratory,  at  Charlottenburg, 
Berlin,  for  1891,  in  which  he  details  experiments  made  during  the 
past  six  years.  This  extended  series  proves  th^^t  drop-tests,  when 
properly  carried  out,  can  be  made  a  measure  of  ductility  and  resili- 
ence, and  are  probably  the  readiest  and  quickest  tests  that  can  be 
applied. 

Mr.  Hunt  observes  (page  687),  that  '^  the  only  satisfactory  method 
of  testing  finished  structural  open-hearth  or  Bessemer  steel,  must  be 
based  on  the  melts  as  the  units  of  quantity."  It  has  been  demon- 
strated, time  and  again,  that  reheating  and  subsequent  treatment  may 
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produce  greater  differences  in  material  than  originally  existed  be- 
tween the  different  melts  or  blown,  and,  for  published  proof  of  this, 
I  again  refer  to  Prof.  Krohn's  admirable  paper  .on  this  subject,  and 
particularly  to  that  part  of  it  relating  to  differences  due  to  reheating 
and  rolling. 

With  all  the  experience,  published  and  personal,  now  available, 
there  c^n  be  no  doubt  that  each  furnace-charge  of  blooms  or  billets 
should  be  tested  to  determine  the  effect  of  reheating  and  eliminate 
such  material  as  has  been  injured.  A  simple  test — especially  either 
the  bending-  or  nicked  bending-test  is  the  best  for  this  case — should 
be  made  on  each  heat  in  a  furnace-charge,  and,  furthermore,  each 
largely  varying  shape  should  be  again  tested  for  further  changes, 
precisely  as  is  done  in  the  case  of  wrought-irod. 

The  mill-manager  can,  however,  reduce  the  number  of  tests  to  a 
minimum  by  charging  all  furnaces  according  to  heat-numbers.  Bil- 
let-tests do  not,  except  in  a  few  cases,  represent  the  qualities  of  mate- 
rial after  rolling;  and  although  they  are  the  best  guide  to  the  mill- 
manager  as  to  the  results  he  may  expect  from  the  steel  afler  rolling, 
the  engineer  is  hardly  concerned  with  them,  as  all  he  cares  to  know 
is  the  quality  of  the  material  in  the  shape  in  which  he  uses  it. 
Experience  has  proved  that  certain  processes  and  methods  are  apt  to 
produce  non-uniformity  of  results  and  occasional  failures,  and  hence 
the  engineer  must  have  the  further  privilege  of  saying  whether  be 
will  accept  material  made  by  them ;  for  if  he  were  to  call  for  tests, 
sufficient  in  number  and  kind,  to  eliminate  the  accidentally  inferior 
material,  he  would  delay  the  work  considerably,  and  be  considered 
and  characterized  as  unneceasarily  severe  and  unreasonable. 

Notwithstanding  all  the  claims  of  steel-makers,  it  is  well  known 
that  different  processes  do  not  invariably  assure  equally  uniform  and 
reliable  results.  Hence,  the  engineer  should  have  the  privil^e  at 
least  of  knowing  by  which  process  the  material  he  buys,  has  been 
made.  This  privilege  does  not,  however,  carry  with  it  the  right  of 
the  inspector  to  interfere  in  any  manner  with  the  metallurgical  de- 
partment, although  the  right  to  be  present  at  all  operations  should 
be  conceded,  irrespective  of  whether  he  understands  what  is  going 
on  or  not.  It  does  not  seem  probable  that  any  reputable  works  would 
urge  objections  to  this,  although  they  might,  and  with  reason,  object 
to  the  presence  of  a  meddlesome  person. 

The  above  general  remarks  represent  pretty  closely  the  condition 
of  affairs  in  continental  Europe,  where  by  far  the  larger  proportion 
of  output  is  used  by  the  governments,  and  the  method  has  been  found 
to  give  universal  satisfaction. 
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There  is  little  doubt  that  similar  methods  will  be  iotrodaced  some 
day  in  this  country  as  well,  but  only  after  engineers  insist  upon  having 
their  specifications  followed  as  closely  as  is  done  in  work  for  our  gov- 
ernment, without  conceding  point  after  point,  as  they  are  crowded 
by  the  contractors  below  them,  and  the  board  of  managers  or  officers 
above  them.  It  is  generally  confessed  that  our  government  always 
gets  what  is  called  for,  and  that  there  is  no  attempt  to  evade  any 
number  or  kind  of  tests,  although  the  specifications  are  more  difficult 
to  fill  than  those  of  any  bridge  or  railroad  engineer.  This  is  because 
all  the  works  know  that  objections  against  the  laws  and  principles 
laid  down  are  unavailing,  and  that  departnients  are  immovable. 

Under  section  v.,  on  page  691,  of  Mr.  Hunt's  paper,  the  term 
'^ elastic  limit*'  is  repeatedly  used  when  '^yield-point''  is  meant,  and 
in  one  line  it  is  stated  that  this  factor  '*  is  not  always  a  safe  criterion 
of  the  quality  of  iron  or  steel,"  while  further  on  failure  to  observe 
the  same  is  declared  to  be  ''an  unwise  omission,"  etc.  In  Unwinds 
Testing  of  MaiericUs  of  Construction,  1888,  p.  6,  we  read:  "The 
modulus  of  elasticity  and  limit  of  elasticity,  once  directly  ascertained 
by  experiment,  would  furnish  all  the  data  necessary  to  the  engineer 
in  applying  the  theory  of  elasticity  and  fixing  the  wor'king-Iimits  of 
stress.''  And  again,  on  page  7 :  "  For  experience  has  fixed  the  limits 
of  working-stress  far  within  the  primitive  elastic  limit;"  and  "if 
the  proper  working-stress  is  to  be  determined  on  rational  principles, 
the  study  of  the  conditions  in  which  th«  elastic  limits  change  becomes 
essential."  See,  also,  Ueber  die  Veraenderung  der  Elasticitaetsgraenze 
und  die  Festigkeit  des  JEisens  und  Stahis,  by  J.  Bauschinger,  Munich, 
1886. 

On  page  691,  Mr.  Hunt  says :  "  In  steel  the  reduction  of  area  is 
often  the  best  indicator  of  ductility,"  but  no  explanation  is  given 
why  this  is  not  always  the  case.  If  it  is  not  always  the  best  indi- 
cator of  ductility,  it  is  a  very  uncertain  and  unsatisfactory  result  to 
observe,  and,  I  think,  might  be  neglected  altogether.  Moreover,  it 
is  very  difficult  to  measure  the  exact  section  of  the  fracture,  because 
it  generally  assumes,  in  the  case  of  cylindrical  and  rectangular  test- 
pieces,  a  shape  or  position  not  symmetrical,  the  surface  of  fracture 
being  sometimes  approximately  a  plane,  sometimes  oblique,  sometimes 
concave  on  one  piece  and  correspondingly  convex^n  the  other,  some- 
times partly  a  split  as  well  as  a  break,  etc.  It  is  scarcely  possible  to 
make  measurements  in  some  of  these  cases,  at  least,  on  which  im- 
portant deductions  could  be  safely  based. 

Furthermore,  the  reduction  depends  so  much  upon  local  condi- 
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tioDS  and  the  external  character  of  the  test-pieoe,  that  the  attempt  to 
draw  conclusions  of  any  value  in  the  case  of  structural  material  is 
worse  than  useless,  since  it  is  misleading.  This  is  as  true  of  steel  as 
of  wrought-iron,  and  no  distinction  should  be  made  between  them  in 
this  respect. 

On  page  692,  the  difference  which  apparently  exists  between  dupli- 
cate tests  of  structural  material  is  pointed  out  by  referring  to  the 
tabulated  results  given  in  the  report  of  the  Committee  of  the  Ameri- 
can Society  of  Mechanical  Engineers.  But  the  results  given  in  these 
tables  were  not  obtained  from  structural  material,  but  from  different 
kinds  specially  prepared,  most  of  which  was  cold-rolled  Norway 
iron. 

Such  great  differences  are  not  found  in  good  qualities  of  structural 
material,  and,  moreover,  some  of  these  differences  are  due  to  the  fact 
that  these  tests  had  been  made  by  many  operators  on  all  kinds  of 
testing-machines. 

On  page  693,  it  is  said  that  iron  having  a  tenacity  of  52,000 
pounds  per  square  inch  *'  should  be  carefully  tested  for  welding,  as  it 
is  apt  to  be  dry  and  incapable  of  welding  strongly." 

This  statement  is  not  corroborated  by  experience.  Iron  showing 
more  than  25  per  cent  elongation  in  eight  inches  is  regularly  made 
in  the  Lehigh  Valley  and  at  Pittsburgh,  and  is  the  best  kind  of 
material  for  welding,  as  can  be  proved  by  innumerable  test^  readily 
available.  Nor  do  these  irons  of  unusual  ductility  contain  steel 
scrap ;  they  are  made  of  carefully-selected  stock  of  muck-bar,  con- 
taining, in  some  cases,  as  much  as  30  per  cent,  of  muck-bar  made 
from  Bessemer  pig. 

Mr.  Hunt  :  I  agree  entirely  with  Dr.  Baymond's  general  state- 
ment that,  ^'  wjienever  the  principle  of  a  true,  impartial  inspection 
is  introduced  the  value  of  the  result  rises/'  and  that  inspection,  which 
is  not  separate  from  the  manufacturing  department,  is  neither  con- 
clusive nor  satisfactory.  Most  engineers  are  very  loath  to  put  the 
decisive  acceptance  or  rejection  of  material  in  the  hands  of  parties 
pecuniarily  interested  in  the  result. 

I  am  glad  to  see  that  Dr.  Dudley,  and  several  others  who  ha%'e 
discussed  my  paper,  agree  with  my  general  proposition,  that  speci- 
fications should  be  drawn  broad  enough  to  include  all  good  ma- 
terial, and  only  exclude  that  which  the  engineer  considers  not  suitable 
for  the  purpose.  As  Dr.  Raymond  puts  it,  we  should  demand  less 
and  get  what  we  demand,  putting  our  severity  in  the  right  rather 
than  in  the  wrong  place,  and  making  it  the  duty  of  the  inspector 
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simply  to  determine  whether  the  material  answers  the  requirements 
of  the  specifications. 

The  question  remains,  what  series  of  tests  shall  be  made,  and  what 
results  shall  be  required  from  them  as  the  crucial  conditions  of  the 
proposed  new  standard  specifications  ? 

Upon  this  question  I  hope  for  much  light  from  the  intelligent  dis- 
cussion which  may  be  expected  at  the  Congress  of  Engineers  at  the 
Columbian  Fair  next  year.  Certainly,  there  is  a  field  here  for  work 
of  very  great  public  value. 

Some  of  the  individual  points  made  in  the  discussion  of  my  paper 
may  be  noticed  here. 

Of  course,  I  do  not  deny  that  the  Pottatown  Iron  Company,  as 
well  as  other  large  structural  iron  and  steel  concerns,  have  ^'  fre- 
quently made  wrought-iron  satisfactory  to  their  customers,  and  that 
without  inspection.''  I  would,  however,  call  attention  to  the  fact 
that  often  the  direct  customers  of  the  mills  are  not  the  users  who 
eventually  find  out  the  satisfactory  or  unsatis&ctory  qualities  of  the 
material  in  actual  work.  It  must  be  remembered,  also^  that  the 
specifications  and  their  various  requirements  are  very  rarely  made 
up  by  the  inspectors,  but  usually  by  the  engineers  who  design  the 
structure  for  which  the  material  is  required.  With  a  specification 
drawn  broad  enough,  and  yet  with  intelligent  precautions  to  exclude 
poor  material,  and  permitting  sufficient  opportunities  to  prove  the 
quality  of  the  material  up  to  the  requirements  of  the  specification 
(a  condition  of  affairs  practically  impossible  when  only  four  tensile 
tests  to  the  car-load  are  prescribed,  irrespective  of  the  heterogeneous 
quality  of  the  material  composing  the  lot),  I  agree  with  the  position 
taken  by  the  mill-people  that  the  acceptance  of  material  at  the  mills 
by  the  duly-accredited  inspectors  for  the  engineern,  should  be  final. 
There  are,  however,  several  considerations  which  may  modify  this 
general  statement.  So  far  as  my  own  experience  goes,'  with  the  com- 
paratively small  amount  of  material  which  I  have  known  to  be  re^ 
jected,  subsequent  to  acceptance  by  the  inspectors  at  the  mills  and 
shipment,  the  rejection  has  been  due  to  one  of  the  following  causes  :: 

1.  The  non-homogeneity  of  the  steel,  which  has  not  been  di8co\^'- 
ered  by  the  few  tests  prescribed  or  permitted  to  the  inspector  to 
determine  the  quality  of  the  material. 

2.  The  failure  of  the  test-requirements  of  the  specification  to  de- 
velop the  particular  faults  which  the  material  has  afterwards  shown. 

3.  Surface-defects,  which  should  manifestly  condemn  the  material, 
but  which  have  been  either  carelessly  overlooked  by  the  inspectors. 
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or  were  so  concealed  at  the  time  of  inspection  by  ioe,  snow,  mod^  or 
oxide  of  iron  scale  as  to  prevent  their  discovery  until  after  subse- 
quent handling  had  developed  them.  The  most  common  form  of 
this  trouble  is  the  hidden  flaws  in  pin-steel,  which  are  only  shown 
in  their  exact  character  after  the  pins  have  been  turned  to  size ;  or, 
seams  due  to  the  ^'  piping  "  at  the  heads  of  steel  ingots,  which  have 
not  been  cropped  down  low  enough  to  exclude  the  entire  '*  pipe,*' 
and  which  are  developed  in  the  upsetting  of  the  steel  in  the  heads 
of  eye-bars,  or  in  the  punching  or  shearing  of  plates,  etc. 

4.  Mal-formed  material.  This  is  especially  a  cause  of  trouble 
with  plates  of  iron  and  steel,  such  as  universal-mill  plates  warped 
in  cooling,  or  with  wide  steel  plates  bent  by  improper  handling  while 
hot,  or  buckled  by  unskilful  rolling. 

The  decision,  whether  such  material  should  be  accepted,  is  often 
a  cause  of  considerable  friction  at  the  mill.  The  more  rigid  way  of 
looking  at  the  matter  is,  that  in  all  these  cases  the  material  mani- 
festly and  clearly  does  not  answer  all  the  requirements  of  the  speci- 
fication. On  the  other  hand,  the  answer  of  the  mill-people,  which 
is  well  known  by  the  experienced  inspector  to  be  true,  is,  that  it  is 
impossible  to  get  all  the  material  absolutely  uniform  in  quality,  in 
surface,  and  in  shape,  not  only  wijth  such  large  plates  as  quoted  by 
my  friend,  Mr.  Morris,  "  8  feet  wide  and  75  feet  long,"  but  also  with 
the  ordinary  sizes  and  shapes  of  material  turned  out  by  all  mills; 
and  that,  should  the  rejection  of  material  include  all  such  cases,  the 
manufacturer  would,  necessarily  and  properly,  in  the  long  run, 
charge  a  much  greater  price  for  such  severity  in  the  specifications. 

Mr.  Morris  says  it  is  the  custom  of  the  Pottstown  Iron  Company, 
'^  for  its  own  information,"  to  make  four  chemical  and  five  me- 
chanical tests  of  each  melt  of  steel,  and  I  cheerfully  testify  to  the 
care  and  value  of  these  tests  to  which  he  refers.  At  the  same  time, 
this  does  not  seem  to  me  a  reason  why  the  customer  should  be  satis- 
fied with  one  or  two  tests  per  day,  as  ha  advises. 

I  believe  the  ideal  way  of  testing  steel  would  be  the  supervision 
by  the  inspectors  of  the  tests  referred  to  by  Mr.  Morris,  and  the 
further  testing  of  crop-ends  from  the  finished  material  by  a  standard 
method  yet  to  be  devised,  which  can  be  executed  cheaply  and  readily 
enough  to  allow  a  large  number  of  such  tests  to  be  made  to  prove 
the  homogeneity  of  the  metal. 

Mr.  Morris  asks :  ^'  Why  should  the  tests  for  steel  be  so  much 
more  rigid  than  for  iron  destined  for  the  same  purpose?"  Some  of 
the  reasons  are  as  follows :  Experience  shows  that  the  acceptable 
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qualities  of  one  melt  of  steeVoffer  no  absolute  guarantee  that  the 
next  melt  to  it,  even  though  made  of  the  same  stock,  will  be  equally 
satisfactory.  Upon  this  point  Mr.  Morris  has  himself  touched  in 
his  argument  regarding  the  relative  merits  of  the  Bessemer  and 
open-hearth  steel. 

^gAiQ?  g^^^  wrought-iron,  in  plates  and  angles,  has  a  narrow 
range  (from  25,000  to  28,000  pounds)  in  elastic  limit  per  square 
inch,  and  a  tensile  strength  of  from  46,000  to  52,000  pounds  per 
square  inch;  whereas  for  steel,  the  range  in  elastic  limit  is  from 
27,000  pounds  to  80,000  pouuds,  and  in  tensile  strength  from  48,000 
to  120,000  pounds  per  square  inch,  with  corresponding  variations 
in  ductility.  Moreover,  steel  is  much  more  susceptible  than  wrought- 
iron  to  widely  varying  effects  of  treatment,  by  hardening,  cold-roll- 
ing or  over-heating. 

It  is  now  almost  universally  recognized  that  soft  steel,  if  properly 
made  and  of  good  quality,  is  for  many  purposes  a  satisfactory  sub- 
stitute for  wrought-iron,  being  capable  of  standing  the  same  shop- 
treatment  as  wrought-iron  and  of  bearing  safely  loads  of  ten  per 
cent,  heavier  unit-strains.  But  the  conviction  is  equally  general  that 
poor  steel,  or  an  unsuitable  grade  of  steel,  is  a  very  dangerous  sub- 
stitute for  wrought  iron,  even  under  the  same  unit-strains. 

For  this  reason  it  is  advisable  to  make  more  rigid  requirements 
in  selecting  material  which  may  range  between  the  brittleness  of 
glass  and  a  ductility  greater, than  that  of  wrought-iron. 

I  am  already  on  record  in  the  Transactions  of  the  American  Insti- 
tute of  Mining  Engineers  as  not  agreeing  with  Mr.  Morris  that  the 
Bessemer  is  a  better  process  for  the  manufacture  of  steel  than  the 
open-hearth.  My  experience  for  the  last  few  years  further  confirms 
my  opinion,  and  I  find  the  literature  of  the  subject  to  favor  very 
strongly  the  superiority  of  open-hearth  over  Bessemer  steel,  as  re- 
gards particularly  its  uniformity.  The  same  difference  has  been 
recognized  by  most  engineecs  in  their  specifications. 

Nor  can  I  agree  with  Mr.  Morris  that  basic  Bessemer  or  basic 
open-hearth  steel  should  not  require  more  careful  testing  than  acid 
steel.  Undoubtedly  all  will  admit  the  undisputed  danger  of  the 
high  percentage  of  phosphorus  in  the  stock  used  for  the  basic  pro- 
cess, which  has  to  be  eliminated  from  the  product;  and  to  prove 
that  it  has  been  eliminated,  a  sufficient  number  of  tests  should  cer- 
tainly be  made,  beyond  those  require<l  in  the  acid  open-hearth  process, 
where  the  stock  used  is  low  in  phosphorus  to  start.  Again,  toelimi* 
nate  a  large  amount  of  phosphorus  it  is  necessary  in  the  basic  pro- 
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0688  to  ruD  the  carbon  very  low,  and  flie  fully  pnrifiecl  Imsic  metal, 
carrying  phoephorus  down  to  below  .01  percent,  shows  markedly  de- 
creased tensile  strength.  In  order  to  answer  reqairements  of  60,000 
to  70,000  pounds  tensile  strength  in  this  class  of  steel,  it  is  necessary 
to  raise  the  carbon  to  a  point  considerably  above  that  in  acid  steel 
of  the  same  tensile  strength.  This  makes  a  metal  much  more  subject 
to  hardening  by  cold-rolling  or  other  methods,  and  it  requires  more 
testing  to  prove  the  quality  to  be  nniform. 

I  do  not  agree  with  Mr.  Morris  that ''  soft  steel,  either  acid  or 
basic,  will  weld  as  well  as  iron/'  While  I  admit  that  such  material 
may  be  made  to  stick  together  with  a  great  degree  of  tenacity,  at  the 
same  time  there  is  not  the  interlocking  of  the  fibers  of  the  metal 
due  to  the  presence  of  slag,  which  is  found  in  the  true  welding  of 
wrought-iron.  I  have  never  seen  so-called  '' welded '^  pieces  of 
steel  pulled  apart  in  a  testing  machine  or  otherwise  broken  at 
the  joint  which  have  not  shown  a  smooth  cleavage-plane,  as  it 
were,  such  as  in  iron  would  be  condemned  as  an  imperfect  weld. 
My  experience  in  this  matter  leads  me  to  agree  with  the  posi- 
tion taken  by  Mr.  William  Metcalf  in  his  paper  upon  Steel  in  the 
Transa4stum8  of  the  American  Society  of  Civil  Engineers,  voL.xvi., 
page  301.  Mr.  Metcalf  says,  ^'I  do  not  believe  steel  can  be 
welded." 

To  the  final  comments  of  Mr.  Morris,  I  would  reply  that  in- 
spectors will  accept  the  mill-tests  if  they  see  them  made.  There 
are  comparatively  few  men  available  as  inspectors  who  have  had  a 
really  valuable  experience  in  the  manufacture  of  iron.  My  own  ex- 
perience does  not  show  the  advantage  of  the  ^'  practical  blacksmith  " 
as  an  inspector ;  and  I  have  had  some  little  experience  with  men  of 
this  class  among  more  than  a  hundred  inspectors  whom  I  have  had, 
directly  or  indirectly,  in  my  employ.  Practical  training  in  the  mills 
is  a  valuable  preparation,  and  one  that  certainly  should  be  looked  for 
in  selecting  inspectors  of  mill  materials. 

Standard  dimensions  for  test-pieces  are  almost  impracticable.  If 
the  further  condition  be  made,  that  the  test- pieces  must  be  cut  from 
the  actual  material  to  be  furnished,  it  would  be  difficult  to  furnish 
a  standard  dimension  for  test  pieces,  for  instance,  equally  applicable 
to  2-inch  x  2-inch  x  ^-inch  angles  and  8-inch  x  2-inch  eye-bars. 

I  agree  with  Mr.  Henning  as  to  the  inadequacy  of  the  Bridge 
Builders'  Specifications  in  the  number  of  tests  called  for,  and  in  the 
requirements  for  these  tests. 

Mr.  Henning  has  also  pointed  out  the  difference  in  the  general 
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qualities  of  wrought-iron  from  the  Pittsburgh  district  using  Lake 
ores  and  coke-pig,  and  that  from  the  £astern  mills  using  a  larger 
portion  of  foreign  ores  and  anthracite-pig.  While  there  are  one 
or  two  mills,  notably  that  of  the  Catasauqua  Iron  Company,  which 
form  exceptions  in  the  high  tensile  strength  and  other  good  qualities 
of  their  product,  the  general  statement  regarding  the  quality  of  metal 
made  in  the  Pittsburgh  district  and  the  Eastern  mills,  has  held  true 
in  the  past.  However,  since  the  failure  of  natural  gas  in  the 
puddling-furnaces,  and  the  greater  attention  paid  to  the  manufacture 
of  steel  over  that  of  wrought-iron,  the  difference  does  not  occur  to 
such  a  marked  degree  to-day  as  in  the  past. 

Mr.  Henning  has  pointed  out  that  two  methods  of  testing  are 
under  discussion,  namely  '^scientific  testing/'  treated  in  the  report 
of  the  Committ^  on  Standard  Tests  and  Methods  of  Testing 
Materials  {Transactions  of  the  American  Society  of  Mechanical  En- 
gineers, vol.  xu\  and  the  commercial  methods  of  testing,  which 
were  the  subject  of  my  paper.  I  agree  with  him  as  to  the  value  of 
the  hardening  and  quench-tests  as  proposed  by  the  Mechanical  En- 
gineers for  '^  scientific  testing."  The  disadvantages  I  referred  to 
are  connected  with  commercial  testing  in  the  mills,  where  the  diffi- 
culties and  anomalies  I  mentioned  as  affecting  the  quench-test  are 
chiefly  encountered. 

My  experience  has  further  confirmed  the  statement  made  regarding 
the  bending  test,  that  it  is  not  a  crucial  test ;  while  as  an  additional 
test  it  is  certainly  a  good  one.  For  determining  the  difference  be- 
tween good  and  bad  material  this  test  alone  is  not  in  my  judgment 
sufficient;  as  a  considerable  amount  of  material  which  gives  in  the 
tensile  test  a  crystalline  fracture  and  low  percentage  of  reduction 
of  area,   will  bend  over  on  itself  satisfactorily. 

The  drop  test,  for  certain  grades  of  material,  such  as  steel  axles, 
is  certainly  a  suitable  one,  and  should  have  been  referred  to  in 
my  paper  as  especially  adapted  for  heavy  sections. 

I  agree  with  Mr.  Henning  as  to  the  advisability  of  a  more  care- 
ful method  of  testing  material,  by  each  re-heating  furnace-charge  as 
well  as  by  each  melt.  This  accords  with  the  general  statement 
made  already  that  a  further  series  of  tests  as  to  the  homogeneity  of 
the  material,  and  its  freedom  from  injury  by  treatment,  in  hammer- 
ing, rolling,  etc.,  from  the  ingot  to  the  finished  material,  is  an  im- 
portant necessity. 
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BY  ROBERT  H.    RICHARDS,   BOSTON,   MASS. 
(Glen  Summit  Meeting,  October,  1891.) 

If  one  holds  up  a  prism,  or  wedge  of  ^lass,  with  narrow  angle, 
say  1°  to  2^,  and  compares  the  transmitted  image  with  the  image 
seen  above  or  below  the  prism,  the  former  will  be  found  to  be  thrown 
to  one  side  by  an  amount  varying  with  the  angle  of  the  wedge. 
Speaking  of  the  two  rays  as  the  direct  ray  anf  the  bent  ray,  we 
may  say,  that  when  the  bisecting  plane  of  the  prism  is  at  right 
angles  to  the  line  of  sight,  the  angle  between  the  direct  ray  and  the 
bent  ray  will  be  constant  for  any  given  prism. 

If  now  we  place  a  prism  or  wedge  of  glass  in  such  a  position  that 
it  half-covers  the  objective  of  a  telescope,  we  shall  obtain  on  looking 
through  it  two  images  of  every  object  seen— one  image  by  the  direct 
ray,  which  comes  through  the  uncovered  half  of  the  objective,  the 
other  which  comes  through  the  prism,  and  is  the  image  by  the  bent 
ray.  The  angle  of  divergence  of  these  two  rays  will  be  constant 
and  unalterable,  whether  the  telescope  is  directed  to  a  near  object^ 
.with  its  eye-piece  at  increased  distance  from  its  objective,  or  upon  a 
distant  object,  with  eye-piece  nearer  to  the  objective.  That  is  to  say, 
if  the  "  throw  "  or  apparent  dislocation  of  the  image  is  one  foot  in 
one  hundred  feet  it  will  be  two  feet  in  two  hundred,  ten  feet  in  a 
thousand,  and  so  on. 

The  usual  form  of  stadia-telescope  has  at  the  focal  point  of  the 
objective  two  spider-lines,  placed  at  a  definite  distance  apart  and 
intended,  let  us  say,  to  represent  a  throw  of  one  foot  in  one  hundred 
feet.  But  as  the  distance  between  lines  remains  the  same,  while  the 
distance  from  the  objective  to  the  webs  difiers  with  every  variation 
in  the  distance  of  observed  objects,  it  follows  that  the  angle  between 
the  lines  of  sight  which  these  two  spider-lines  define  cannot  be  con- 
stant, but  must  vary  with  every  increase  or  decrease  of  distance  be- 
tween the  instrument  and  the  object  viewed. 

If  in  Fig.  1  we  represent  three  positions  of  the  spider-lines  by 
Wi,  Wj,  W3,  and  three  objects  corresponding  to  those  positions 
by  Oi,  O2,  O5,  at  near,  medium  and  distant  positions,  we  see  at 
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a  glance  from  the  figure  that  there  ifl  no  constant  angle  represented 
by  the  spider-lines,  and  that  the  only  way  to  graduate  a  rod  for  the 
practice  of  stadia-measurement  by  this  method  is  to  determine  values 
for  one  foot  at  a  sufficient  number  of  distances,  and  to  provide  the  rod 
with  a  graded  scale  accordingly. 


The  prismatic  stadia-telescope,  on  the  other  hand,  has  a  constant 
angle  for  all  distances  and  all  focal  lengths ;  and  when  the  factor  has 
once  been  obtained,  it  may  be  used  to  graduate  a  rod  with  uniform 
scale  from  end  to  end. 

Again,  the  usual  stadia-instrument  involves  two  points  of  observa- 
tion. The  operator  adjusts  the  lower  spider-line  on  the  zero  of  the  rod 
and  then  observes  the  reading  of  the  upper  line  on  the  rod.  There 
are,  therefore,  two  personal  equations  in  the  operation  of  taking  read- 
ings. With  the  prismatic  stadia-telescope,  on  the  other  hand,  both 
observations  are  made  at  once,  just  as  the  sailor,  in  taking  the  altitude 
of  the  sun  at  sea,  brings  the  sun's  image  to  the  horizon  and  ob- 
serves the  contact.     Only  one  personal  equation  is  thus  involved. 

The  spider-line  stadia- telescope  cannot  be  used  by  simply  holding 
it  in  the  hand,  but  requires  a  firm  support ;  for,  if  it  were  used  in 
the  hand,  the  first  line  would  wander  from  the  zero  on  the  rod  before 
the  reading  of  the  second  line  had  been  taken.  The  prismatic 
stadia-telescope,  on  the  contrary,  can  be  used  in  the  hand,  just  as  a 
sextant  is.  Nevertheless,  as  the  readings  to  be  made  with  it  are 
much  finer  than  those  of  the  sextant,  a  support  will  be  preferred  for 
most  purposes. 

The  one  great  advantage  of  the  spider-line  over  the  prismatic 
telescope  is,  that  it  uses  the  full  light  of  the  whole  objective  at  all 
times,  while  the  prismatic  has  only  half-light.  This  objection  to 
the  latter  is  completely  removed  when  the  spacing  target-rod  is  used  ; 
and  it  is  fairly  well  met  by  the  employment  of  self-reading  rods, 
to  which  reference  will  be  made  below. 

In  adapting  the  prismatic  stadia-telescope  to  the  needs  of  the  sur- 
veyor, several  important  matters  have  to  be  determined,  relating  to 
the  prism  and  also  to  the  telescope  and  the  rod. 
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In  my  experiments  I  have  combined  a  telescope  of  30  diameters 
magnify ing-power  with  a  priam  of  one  foot  throw  to  100 
feet,  and  also  with  a  prism  of  one  foot  throw  to  1 60  feet.  I  shall 
speak  of  these  two  combinations  respectively  as  30  d :  100  and  30  d  : 
160.  I  have  also  combined  a  telescope  of  20  diameters  magnifying- 
power  with  three  prisms,  throwing  respectively  1  foot  in  50  feet;  1 
foot  in  100  feet;  and  1  foot  in  150  feet;  and  I  shall  speak  of  these 
combinations  as  20d:tO;  20d:100;  and  20(1:150.  Finally,  I 
have  combined  a  telescope  of  10  diameters  magnifying-power  with 
prisms  of  1  foot  to  60  and  1  foot  to  100 ;  and  I  shall  call  these  com- 
binations lOcf  :60and  I0cl:100. 

The  first  fact  I  encountered  in  these  experiments  was,  that  10(f :  60 
and  10(^:100  can  be  used  with  uncorrected  prisms,  since  theamouDt 
of  color  does  not  seriously  injure  the  observation;  while  no  prisna 
not  thoroughly  achromatic  was  found  satisfactory  for  either  the  20  d 
or  the  30  d  telescope. 


Fig.  2. 


Fig.  2  represents  what  appears  to  roe  to  be  the  rational  and 
proper  mode  of  combining  the  prism  and  the  objective ;  while  Fig. 
8  shows  an  improper  combination.  In  Fig.  2  the  bent  rays  are 
exact  counterparts  of  the  direct  rays,  while  in  the  adjustment  of 
Fig.  3  this  is  not  the  case. 

Choice  of  a  Priam. — For  band-use  a  wide  prism  is  preferred,  say 
1  foot  displacement  in  60  feet  distance.  For  a  fixed  telescope  1 :  100 
or  1 :  160  would  be  preferred,  according  to  the  distances  to  be  sighted 
and  the  length  of  the  rod  to  be  used.  A  prism  throwing  1 :  150 
will  permit  readings  at  1600  feet  on  an  11-foot  rod,  while  a  1 :  100 
prism  will  read  only  to  1000  feet  on  the  same  rod.  On  the  other 
hand,  where  a  standard  steel  tape  with  sliding  taints  is  used  in- 
stead of  a  rod,  we  may  say  that  the  wider-angle  priam  will  give 
more  accurate  work  than  the  narrower. 

Choice  of  a  Telescope. — Since  a  lai^  field  is  not  needed,  we  have 
te  deal  with  two  considerations  only:  the   lightness  of  the  instru- 
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Fig.  B. 


Fig.  6. 


ment  and  its  power.  If  the  former 
consideration  governs  the  choice,  I 
would  recommend  a  light  10  d  or  a 
light  20 d  telescope;  if  the  latter,  I 
would  recommend  a  20  d  or  a  30(2 
telescope. 

Choice  of  Rods. — In  this  direction 
I  believe  I  have  settled  the  question 
as  regards  the  choice  of  a  spacing- 
rod  with  sliding  targets;  but  I  do 
not  feel  so  sure  with  respect  to  the 
self-reading  rods. 

The  spacing-rod  represented  in 
Figs.  4  to  9  is  so  pre-eminently  su- 
perior to  every  other  which  I  have 
tried  that  I  strongly  recommend  it. 

This  target  stands  out  strong  and 
bright  under  any  circumstances.  It 
can  be  read  against  a  dark  back- 
ground in  the  woods  and  also  against 
a  light  sky  background  on  a  hilltop. 

In  Fig.  6  the  rod  is  represented  as 
seen  by  the  eye.  Fig.  6  shows  it  as 
seen  by  the  prismatic  stadia-tele- 
scope. In  this  figure  vd  Id  are  the 
upper  and  lower  images  by  the  direct 
ray,  and  uft,  lb  are  the  upper  and 
lower  images  by  the  bent  ray.  The 
observer  of  course  neglects  ud  and  lb 
and  uses  for  his  contact  ub  and  Id. 
The  important  advantages  of  this 
form  of  contact  are  shown  in  the 
subsequent  figures. 

Fig.  7  represents  the  targets  ap- 
proaching contact ;  Fig.  9  shows  the 
images  lapping,  in  which  case  there 
is  a  bright  lens-shaped  image,  indi- 
cating the  amount  of  lap.  Upon  its 
appearance  the  assistant  is  signalled 
to  draw  the  targets  slowly  apart ;  and 
the  instant  the  white  lens  becomes 
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invisible  the  reading,  Fig.  8,  is  taken.  The  disappearance  of  thia 
white  lens  gives  a  close  and  positive  reading.  The  resnlta  stated 
below  were  obtained  with  this  reading. 


-  Fig.  7.  Fig.  S.  Frfl.  9. 


A  tai^et  of  the  size  shown  in  Fig.  4  can  be  read  easily  at  !<iOOO 
feet  distance  with  a  20  (^  telescope,  in  an  even  atmosphere.  A.  much 
smaller  target  will  suffice  for  short  sights.  The  design  of  Fig.  4 
has  more  strong  points  in  its  favor  than  any  other  yet  tried  by  me. 

The  spacing-targets,  Figs.  4  to  9,  may  be  used  on  a  steel  tape  if 
the  followiog  conditions  are  observed:  The  tape  must  be  held  at 
right  angles  to  the  line  of  sight.  If  the  right-angle  is  at  one  of  the 
targets,  it  will  be  found  easier  to  reproduce  than  at  a  point  half-way 
between  the  tai^ets.  For  distances  much  greater  than  2000  feet  a 
larger  target  or  a  higher-power  telescope,  or  both,  will  be  needed. 

Fig.  10  represents  a  tape,  as  used  by  me  on  a  1970-foot  sight 
with  the  above  targets  and  a20d  telescope. 


e- 


Fig.  10. 


~(D 


Self-reading  Targde. — Three  forms  which  have  been  experimented 
upon  are  represented  in  Figs.  11,  12  and  13. 

Fig.  11  gives  good  results  with  a  ]Ocf:oO  combination  for 
short  distances.  It  may  be  graduated,asshown,  with  2-foot  unit  or 
with  6-foot  or  lO-foot  unit.  In  the  latter  case,  it  would  be  used  for 
long  distances  with  a  20  d :  100  combination  up  to  30  iJ :  150  com- 
bination; but  the  individual  feet  would  have  to  be  divided  by  the 
eye.     The  skeleton  se<»>nd  image  on  it  reads  68  feet. 

Fig.  12  may  be  graduated  with  1-foot,  2,foot,  6-foot,  or  10-foot 
units,  according  as  a  short-distance  or  a  long-distance  rod  is  wanted. 
The  skeleton-reading  of  the  second  image  upon  it  indicates  265  feet. 
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PosBiblj,  for  certain  diBtanoes,  this  graduation  may  be  fonnd  easier 
to  read  tfaao  that  of  Fig.  11. 
VOL.  XI.— 47 
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Fig.  13  represents  a  target-rod  with  an  optical  vernier.  The  space 
from  0  to  100  feet  on  the  rod  is  graduated  into  11  parts,  while  the 
spaces  from  100  to  200,  also  from  200  to  300,  and  so  on  down,  are 
graduated  into  10  parts.  Moreover,  the  space  from  0  to  100,  which 
we  may  call  the  vernier,  is  graduated  on  the  opposite  side  to  the 
other  readings,  so  that  the  second  image  can  bring  it  down  and  give  a 
vernier-reading  between  the  two  images.  The  partial  skeleton  second 
image  gives  a  reading  of  423  feet,*  no  dividing  by  the  eye  being  re- 
quired. By  this  system  an  11-foot  rod  may  be  made  for  a  30  d :  100 
combination,  which  will  actually  give  readings  of  individual  feet  at 
1000  feet  distance. 

The  vernier-reading  it  the  most  fascinating  idea  I  have  met  in  my 
investigations.  Whether  it  is  really  practical,  can  only  be  decided 
in  the  field.  The  images  which  are  important  for  the  reading  are 
half-light  images,  and  therefore  dim,  while  with  the  other  two  forms 
of  target  a  full-light  reading  is  obtained. 

lAmits  of  Error. — Partly  by  reason  of  the  limited  time  at  my 
command  for  experiments,  and  partly  because,  every  time  I  went  out 
to  get  definite  records  of  practice,  I  made  some  discovery  which  led 
to  an  improvement  in  the  apparatus,  I  can  only  promise  at  this  time 
to  give  detailed  figures  at  an  early  day  as  a  supplement  to  this  paper. 
The  figures  I  am  now  prepared  to  publish  were  taken  with  a  curved 
spacing-target  of  the  design  shown  in  Figs.  5  to  9. 

With  a  20  d  :  150  combination,  holding  the  rod  at  100  feet  dis- 
tance, I  obtained  five  separate  readings  of  the  distance  in  feet  between 
the  targets,  which  were  0.653;  0.654;  0.653;  0.653;  0.653,  With 
a  30(2: 150  combination  I  made  these  four  successive  readings  at 
100  feet  distance:  0.675;  0.675;  0.675 ;  0.675 ;  all  with  the  spacing- 
target  described  in  Figs.  4  to  9. 

If  I  had  made  an  error  of  0.001  foot  upon  the  rod,  this  would 
correspond  to  an  error  of  0.15  per  cent  or  0.15  foot  in  100  feet. 
But  I  did  not  make  this  error  in  four  readings  with  30  d :  150,  and 
only  made  it  once  in  five' successive  readings  by  the  20  d :  160  com- 
bination. If  the  prism  had  been  a  I  :  100  prism,  the  error  referred 
to  would  have  been  0.1  foot  in  100.  If  the  prism  had  been  a  1  :  50, 
the  error  would  have  been  .05  foot  in  100  feet  I  cannot  imagine  a 
reason  why  the  percentage-error  at  1000  feet  or  2000  feet,  when  the 
atmosphere  is  steady,  should  be  any  greater  than  it  is  at  100  feet. 
From  the  above  considerations,  I  believe  I  am  safe  in  saying  that 
the  error  of  the  prismatic  stadia  is  well  inside  of  0.1  per  cent. 

I  hope  to  present,  in  the  near  future,  some  figures  actually  ob- 
tained for  both  short  and  long  distances. 
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If  one  desires  to  determine  the  distance  to  a  point  without  the 
trouble  of  sending  an  assistant  there,  it  may  be  done  with  a  pair  of 
Wollaston  camera-lucidas^  as  shown  in  Fig.  14,  in  which  Wj  Wjare 
the  two  cameras. 


If  the  WoUastons  both  give  90°,  then  the  requisite  deviation  from 
90°  may  be  obtained  by  inserting  a  prism,  P,  as  shown.  If,  how- 
ever, the  two  Wollaston  angles  add  up  to  say  177°  to  178°,  theq  the 
apex-angle  will  be  2°  or  3°,  and  will  answer  without  the  addition 
of  another  prism.  After  the  two  observers,  E^  E,,  have  found  their 
places,  so  that  their  respective  images  coincide,  then  they  can  meas- 
ure the  base-line  between  them  by  a  prismatic  stadia-telescope ;  and 
knowing  the  factor  of  the  WoUastons,  3  feet  or  4  feet  to  the  hun- 
dred, the  distance  to  the  unknown  point  may  be  determined  approx- 
imately by  multiplying  the  observed  distance  between  E|  and  E,  by 
the  factor,— 3  feet  to  100 ;  30  feet  to  1000;  300  feet  to  10,000 ;  and 
so  on. 

In  making  my  designs  and  in  testing  my  Instruments,  I  have  been 
helped  materially  by  Captain  A.  H.  Kussell  and  Messrs.  J.  Hays 
Gardiner,  W.  H.  Weston,  Franklin  Knight,  Luis  T.  Verges,  and 
W.  S.  Hutchinson,  friends  to  whom  I  wish  to  make  acknowledg- 
ment. 
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PEOTOQBAPmC  AND  COOBDINATE  SVBVETINQ. 

BT  HSNBT  M.   STANLEY,  NOGALES,   ARIZONA. 
(Glen  Sammlt  Meeting,  October,  1881.) 

The  methods  about  to  be  described  have  been  tested  in  practice, 
and  are  believed  to  be  specially  adapted  to  such  extended  topo- 
graphical surveys  as  nitning  engineers  in  particular  are  sometimes 
called  upon  to  execute.  The  assistance  of  Mr.  H.  O.  Flipper  in  the 
preparation  of  this  paper,  and  his  practical  authorship  of  the  second 
part,  is  hereby  acknowledged. 

I.  Photographic  Surveying. 

The  writer  was  recently  employed,  together  with  Mr.  H.  O.  Flip- 
per, to  survey  the  properties  of  the  Plata-Reina  de  Sonora  Mining 
and  Milling  Company,  situated  in  the  mining  district  of  Las  Plan- 
chas,  District  of  Magdalena,  State  of  Sonora,  Mexico. 

These  properties,  now  owned  by  an  American  corporation,  of  which 
M.  W.  Evans,  of  New  Orleans,  is  president,  and  Richard  A.  Pome- 
roy  is  resident  superintendent,  are  famous  in  the  history  of  Mexican 
mining,  as  the  place  where  planchas,  or  bolaa  de  plata  were  found 
about  the  beginning  of  the  last  century.  Ward,  the  English  Charge 
(V Affaires  in  Mexico  from  1826  to  1828,  writing  at  that  epoch,  says : 

"The  idea  [that  the  ores  in  the  north  of  Mexico  were  richer  than  those  in  the 
sooth]  probably  originated  in  the  disooverj  of  the  famous  boUu  de  jUata  [balls  of 
silver]  of  Arizona  [Planchas  de  Plata  de  Arizona,  a  stock-ranch  in  northern 
Mexico],  in  the  beginning  of  the  last  century,  which  was,  and  probably  still  is,  be- 
lieved in  Europe  to  be  one  of  those  fables  with  which  mining  countries  always 
abound.  But  the  attention  of  the  present  government  of  Mexico  having  been  drawn 
to  the  subject,  a  search  was  made  in  the  viceregal  archives,  by  order  of  the  presi- 
dent, for  the  correspondence  which*was  known  to  have  taken  place  respecting  it  in 
the  year.  1736.  This  correspondence  I  have  seen,  and  I  have  in  my  possession  a 
certified  copy  of  a  decree  of  Philip  the  Fifth,  dated  Aranjuez,  28th  May,  1741,  the 
object  of  which  was  to  terminate  a  prosecution,  instituted  by  the  Royal  Fiscal, 
against  the  discoverers  of  Arizona,  for  having  defrauded  the  treasnry  of  the  duties 
payable  upon  the  masses  of  pure  silver  found  there.  The  decree  states  the  weight 
of  the  balls,  sheets  and  other  pieces  of  silver  discovered  (6o^,  planchoBf  y  otnu  pie- 
zas  deplaia)f  to  have  amounted  to  165  arrobas,  8  pounds,  in  all,  4133  pounds;  and 
mentions  particularly  one  mass  of  pure  silver,  which  weighed  108  arrobas  (2700 
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pounds) ;  and  another  of  eleven  arrobas,  upon  which  duties  had  been  actually  paid 
by  a  Don  Domingo  Asmendi,  which,  as  a  great  natural  curiosity  (eomo  eosa  eipeeial) 
the  king  states  ought  to  have  been  sent  to  Madrid.  The  decree  ends  by  declaring 
the  district  of  Arizona  to  be  royal  property,  as  a  criadero  de  plaia  (a  place  in  which, 
by  some  natural  process,  silver  was  created),  an  idea,  to  which  the  flexibility  of  the 
metal,  when  first  extracted,  seemed,  in  those  times,  to  give  some  color  of  probability, 
and  by  directing  it  to  be  worked  upon  the  royal  account.  This  put  a  stop  to  the 
enterprise  of  individuals;  the  district  was  deserted;  an  attempt  to  send  a  sort  of 
colony  there  failed ;  and  in  a  few  years  the  very  name  of  Arizona  was  forgotten.'' 

These  propertfes  are  six  in  number,  each  800  meters  long  and  from 
200  to  300  meters  wide.  The  tract  surveyed  comprises  aboat  six 
square  miles  and  is  broken,  mountainoui|  country.  It  was  desired 
that  the  work  be  done  as  quickly  and  a3  accurately  as  possible. 
Under  these  circumstances  it  was  decided  to  triangulate  the«tract  and 
use  photography  for  the  remainder  of  the  work.  The  purpose  of 
this  paper  is  to  describe  that  part  of  the  work. 

Photographing, — An  8  x  10  Eastman  camera  was  used.  Two 
cylindrical  levels  at  right  angles  were  placed  on  the  bed,  a  single 
cylindrical  level  on  the  front  board  and  another  on  the  rear  box. 
These  two  levels  were  placed  parallel  to  the  optical  axis.  In  oper- 
ation,  the  bed  was  carefully  levelled,  and  the  front  and  rear  were 
made  level  by  the  vertical  swing.  This  being  done,  the  principal 
focal  distance  of  the  lens  was  carefully  determined,  the  use  of  which 
will  be  explained  further  on.  The  geometrical  center  of  the  ground 
glass  was  then  found,  and  the  optical  axis  was  made  to  pass  through 
that  center,  when  the  apparatus  was  level.  This,  the  normal  posi- 
tion of  the  lens,  was  marked,  and  a  scale  was  pasted  on  the  front 
board,  with  its  zero  at  that  normal  position.  Horizontal  and  verti- 
cal lines  were  drawn  through  the  center  of  the  ground  glass  and 
means  were  provided  for  reproducing  these  lines  on  the  negative. 
In  the  survey  in  question,  celluloid  films  were  used  and  notches  were 
made  in  the  carriers.  These  notches  are  photographed  on  the  n^ative 
and  lines  joining  them  are  the  reproductions  of  the  horizontal  and 
vertical  lines  on  the  ground  glass. 

To  take  the  picture,  the  camera  is  set  up  over  the  point  and 
levelled  and  the  landscape  is  carefully  focused  on  the  ground  glass. 
If  necessary,  the  front  board  may  be  raised  or  lowered,  in  order  to 
get  more  or  less  of  the  landscape  in  the  picture,  in  which  case  the 
amount  by  which  the  front  board  has  been  raised  or  lowered,  as  in- 
dicated by  the  scale,  must  be  recorded  in  the  notes.  The  height  of 
the  optical  axis  above  the  ground  must  also  be  measured  and  re- 
corded.   The  following  form  of  record  was  used : 


742 


PHOTOGRAPHIC  AND  CJO-ORDINATB  SURVEYING. 


Station. 


18 


Focal  Distance. 


View 
No. 

Index. 

Co-ordinates. 

Height  of 
Camera. 

Remarks. 

Hor. 

Vert, 

Hor. 

Vert. 

» 

1 

The  first  picture  was  taken  to  the  north  and  to  the  right  of  the 
meridian.  The  others  were  taken  around  the  circle,  one  after  the 
other,  so  as  to  lap  slightly,  care  being  taken  to  note  the  height  of  the 
instrument  and  the  index-number  for  each  picture. 

Plotting. — This  is  illustrated  in  Fig.  1.  The  points  marked  '^Cor- 
ruscos,"  "  M ejia,"  "  N.  Coneceion  "  and  "  N.  Guadalupe  "  are  points 
established  by  triangulation,  at  each  of  which  pictures  were  taken. 
This  sketch  was  originally  constructed  on  a  scale  of  one-half  inch  to 
one  hundred  and  fifty  feet.  The  focal  distance  of  the  lens  used  is 
20.3  half-inches. 

Desiring  to  locate  the  point  '^  W.  Ladera/^  we  look  over  onr  pic- 
tures and  find  that  this  point  is  on  VIII  Mejia  and  I  North  Guada- 
lupe. The  first  operation  is  to  orient  these  pictures,  t.6.,  find  and 
plot  the  position  of  the  optical  axis  and  of  the  picture  in  each  case. 
On  VIII  Mejia,  the  point  ^*  Corruscoe"  is  known.  Mark  it  (1)  on 
the  back  of  the  negative.  With  the  dividers  measure  carefully  the 
horizontal  distance  from  this  point  to  the  vertical  axis.  From  a 
diagonal  scale  of  equal  parts  oonstructed  on  a  half-inch,  the  horizon- 
tal distance  is  found  to  be  -f-  6.63  half-inches,  or  units,  and  as  it  is  to 
the  right  of  the  vertical  axis  it  is  marked  plus.  This  distance  is 
the  altitude  of  a  right-angled  triangle  whose  base  is  the  focal  dis- 
tance  of  the  lens.  The  hypotheneuse  is  the  distance  from  the  optical 
center  of  the  lens  to  the  image  of  the  known  point  on  the  picture,  in 
this  case, ''  Corrusoos.''  Now  as  the  tangent  of  the  angle  at  the  base 
of  a  right-angled  triangle  is  equal  to  the  altitude  divided  by  the  base, 
we  have 

tangent  of  angle  =  ^f^  =  +  0.27241. 
^  ^  20.3 

Orientation  angle  =  +  15°  15'. 

This  result  is  placed  in  the  proper  column  of  a  table  ruled  as  follows: 
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To  plot  the  position  of  the  optical  axis,  draw  a  line  through  the  sta- 
tion Mejia  making  with  the  hypothenease,  Mejia-Corrascos,  an  angle 
equal  to  — 15^1 6',  ue.^  to  the  left.  Make  this  line  eq  ual  to  20.3  half- 
inches  or  units  and  it  will  be  the  optical  axis.  A  line  perpendicular 
to  it  at  its  extremity  will  be  the  position  of  the  picture  VIII  Mejia. 
In  the  same  manner  the  picture  I  N.  Guadalupe  may  be  oriented  as 
shown  on  the  sketch,  using  for  the  purpose  point  (1)  of  that  picture, 

which  is  the  flag  at  N.  Coneccion.    The  calculation  in  this  case  is : 

» 

9 

Tangent  of  the  angle  =  \^'^  =  +  0.26945. 

Orientation-angle  =  +  15°  04'. 

Having  oriented  the  two  pictures,  we  are  now  prepared  to  deter- 
mine the  positions  of  all  points  common  to  them  both.  On  picture 
VIII  Mejia  we  find  that  the  point  W.  Ladera,  point  (2),  is  —  3.80 
units  to  the  left  of  the  vertical  axis  and  +  0.81  units  above  the  hori- 
zontal axis.  The  same  point  (2)  on  the  picture  I  N.  Guadalupe  is 
-|-  2.35  units  to  the  right  of  the  vertical  axis  and  —  0.51  units  be- 
low the  horizon.  These  results  are  recorded  on  the  calculation- 
sheet.    Now 

~^f^  =  tangent  of  angle  =  —  0.18719. 
20.3 

Location-angle  =  — 10°  36'. 

At  the  point  Mejia  draw  the  line  Mejia-W.  Ladera,  making  with 
the  optical  axis  an  angle  equal  to  — 10°  36',  that  is,  to  the  left  of 
the  optical  axis. 

From  picture  I  N.  Guadalupe  we  have 

:ll|^  =  tangent  of  angle  =  -|-  0.11576. 

Location-angle  =  -f-  6°  36'. 

At  the  point  N.  Guadahipe,  draw  the  line  N.  Guadalupe — W.  La- 
dera, making  an  angle  with  the  optical  axis  of  picture  I  N.  Guada- 
lupe equal  to  -{-  6°  36',  that  is  to  the  right  of  the  optical  axis.  The 
intersection  of  the  two  lines  Mejia-W.  Ladera  and  N.  Guadalupe- 
W.  Ladera  is  the  position  of  the  point  W.  Ladera,  which  was  re- 
quired. 

This  point  could  have  been  located  graphically.     On  the  line 
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LAB  lay  off  AB  =  —  3.80.  Through  B  and  Mejia  draw  the  line 
Mejia-W.  Ladera.  On  the  line  DFN  lay  off  FE  =  +  2.35  and 
draw  N.  Guadalupe-E-W.  Ladera.  These  two  lines  will  inter- 
sect at  W.  Ladera.  The  distance  Mejia-W.  Ladera  and  also  N. 
Guadalupe- W.  Ladera  are  scaled  from  the  map  and  placed  in  the 
proper  column  of  the  calculation-sheet. 

To  find  the  elevation  of  W.  Ladera,  or  its  depression,  above  or  be- 
low Mejia  and  N.  Guadalupe,  we  proceed  as  follows :  Through  the 
point  B,  draw  BC  perpendicular  to  B-Mejia  and  make  it  equal  to 
+  0.81  units.  Through  Mejia  and  C,  draw  the  line  Mejia-C-M.  At 
W.  Ladera  draw  W.  Ladera-M  perpendicular  to  Mejia-W.  Ladera. 
Then  the  line  W.  Ladera-M  is  the  elevation  of  W.  Ladera  above 
Mejia,  and  it  may  be  scaled  and  placed  on  the  calculation-sheet. 

At  E  draw  DE  perpendicular  to  the  line  N.  Guadalupe- W.  La- 
dera and  equal  to  — 0.51  units,  and  at  W.  Ladera  draw  W.  Ladera- 
G  perpendicular  to  the  same  line.  Through  N.  Guadalupe  and  D 
draw  N.  Guadalupe-D-G.  Then  W.  Ladera-G  is  the  depression  of 
W.  Ladera  below  N.  Guadalupe.  Scale  this,  and  place  it  on  the  cal- 
culation-sheet. 

To  calculate  the  elevation : 

In  the  right-angled  triangle  Mejia- A-B,  the  side 

Mejia-B  =       ^f^^,  =  20.6  units. 
-^  co6lO°  36' 

In  the  right-angled  triangle  Mejia-B-C,  the  tangent  of  angle  at 

base  =  ^  =  0.03932 :  the  angle  of  elevation  =  2°  16'. 
20.6  '  ^ 

In  the  triangle  Mejia-W.  Ladera-M,  the  side  W.  Ladera-M  = 

5668  X  tan  2°  15'  =222.8  feet. 

In  the  triangle  N.  Guadalupe-F-E,  the  side  N.  Guadalupe-£  = 

^^'^    ,  =  20.4  units, 
cos  6^  36' 

In  the  triangle  N.  Guadalupe-D-E,  the  tangent  of  angle  at  base  = 

UMI  =  _  0.02500  :  the  angle  of  depression  =  —  1°  26'. 
20.4  >  B  f 

In  the  triangle  N.  Guadalupe- W.  Ladera-G,  the  side  W.  Ladera- 
G  =  6292  X  tan  1°  26'  =  157.3  feet. 

Therefore  W.  Ladera  is  222.8  feet  above  Mejia  and  157.3  feet  be- 
low N.  Guadalupe.  If  Mejia  is  500  feet  above  the  datum-plane, 
then  W.  Ladera  is  722.8  feet  and  N.  Guadalupe  880.1  feet  above 
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the  same  plane.    lo  the  same  manner  any  other  point  on  these  two 
photographs  may  be  located  graphically  or  by  calculation. 

The  point  W.  Ladera  may  be  determined  from  one  photograph 
thus : 

The  side  Corrusoos-Mejia  is  known  from  the  triangulation,  and 
the  bearing  of  Corruscos-W.  Ladera  from  the  field- notes.  Then  in 
the  triangle  Corruscos-Mejia-W.  Ladera,  we  have  the  angle  at  Cor- 
ruscos  =  139^  45'.  From  the  photograph  VIII  Mejia,  we  can  find 
the  angles  IS""  15'  and  lO""  36'  as  before.  Their  sum  25 ""  51'  is  the 
angle  at  Mejia.  The  angle  at  W.  Ladera  is  equal  to  ISO""  —  (139^ 
45'  +  25°  51')  =  14°  24'.  The  triangle  can  now  be  solved  by  the 
ordinary  sine-formula,  and  the  distances  from  Mejia  and  N.  Guada- 
lupe to  W.  Lad^  and  their  bearings  can  be  determined. 

Oeneral  Bemarks. — The  elements  for  determining  the  elevations 
or  depressions  of  points  above  or  below  the  plane  of  the  optical  axis 
may  be  measured  directly  in  the  field  without  taking  the  picture  at 
all.  For  this  purpose,  the  ground  glass  is  ruled  in  squares,  each  side 
being  equal  to  one  unit  of  the  scale,  i.e.,  to  one-half  inch,  or  one  cen- 
timeter, etc.  The^focal  distance  of  the  lens  must  be  expressed  in  the 
same  unit,  as  so  many  half-inches,  centimeters,  etc.  By  shifting  the 
front  board,  any  point  may  be  brought  on  the  intersection  of  any 
horizontal  and  vertical  lines,  and  its  distances  from  the  axes  read  in 
whole  nnrabers.  The  index-readings  being  carefully  noted  for  each 
point  will  enable  the  surveyor  to  reduce  these  elements  to  the  same 
horizontal  plane,  or,  which  is  the  same  thing,  to  the  same  height  of 
instrument. 

The  entire  survey  may  be  made  by  the  photographic  method,  dis- 
tances, elevations  and  vertical  and  horizontal  angles  being  determined 
as  accurately  and  far  more  expeditiously  than  by  any  other  method. 
For  taking  topography  this  method  is  invaluable.  The  photographs 
are  superior  to  any  sketch  the  ordinary  surveyor  can  make,  and  con- 
tain all  the  necessary  data  for  determining  the  contours  of  the  land- 
scape in  the  picture. 

Any  ordinary  camera,  modified  as  indicated,  may  be  used,  though 
it  is  believed  that  a  5  by  7  or  5  by  8  picture  is  as  small  as  will  give 
good  results.  As  to  lenses,  one  with  aiong  focus  is  recommended. 
Celluloid  films  with  a  matt  surface  on  the  back  are  to  be  preferred 
to  glass  for  obvious  reasons.  They  are  light  and  non-shrinkable, 
and  the  matt  surface  can  be  written  upon  with  pen  or  pencil.  While 
the  plotting  may  be  done  directly  from  the  negatives,  it  is  at  times 
difficult  to  recognize  points  on  them.     Paper  positives  shrink  and 
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cannot  be  relied  upon.  To  avoid  these  inoonvenienoes,  we  tried  posi- 
tives on  the  celluloid  films  and  they  gave  excellent  results.  If  it  is 
desired  to  use  the  negatives  for  other  purposes,  positives  may  be 
made  on  films  and  the  measurements  taken  from  these  latter.  Or  a 
film  may  be  thorougly  cleansed  and  ruled  as  desired  for  a  permanent 
.scale. 

As  surveyors  are  not  usually  photographers,  and  as  it  is  not  always 
possible  to  obtain  the  services  of  an  expert,  the  following  notes  from 
actual  experience  may  be  of  some  value.  We  have  found  that  in  order 
to  obtain  the  best  results  at  elevated  stations,  it  is  necessary  to  have 
the  sun  as  low  as  possible  and  still  be  able  to  shield  the  lens  from 
direct  illumination.  Our  best  n^atives  were  made  with  the  camera 
directed  due  west  and  so  late  in  the  afternoon  that  it  was  necessary 

m 

to  hold  the  slide  of  the  plate-holder  like  a  hood  over  the  lens  to  pro- 
tect it  from  the  direct  rays  of  the  sun.  Negatives  taken  with  the 
sun  high  are  unsatisfactory,  as  they  lack  contrast,  unless  it  is  cloudy, 
and  even  then  the  landscape  is  too  evenly  illuminated  for  the  best 
results. 

For  development,  any  standard  formula  may  be  used,  but  the  in- 
convenience of  transporting  balances,  graduates,  etc.,  or  chemicals  in 
solution,  led  us  to  adopt  the  following  method,  in  which  all  materials 
are  carried  dry  and  the  necessity  of  weighing  and  measuring  is  ob- 
viated.    For  developing  200  8  by  10  films,  the  following  is  ample: 
1  ounce  Hydroquinon. 
1  ounce  Eikonogen. 
1  pound  Sodium  sulphite,  crystals, 
1  pound  Potassium  carbonate,  dry. 
3  ounces  Chrome  Alum. 
I  1  ounce  Citric  acid. 

I  6  pounds  Sodium  hyposulphite. 

To  prepare  the  baths  for  development,  dissolve  in  about  a  pint  of 
I  water  4  or  6  pieces  of  chrome  alum,  each  about  the  size  of  a 

I  hazel-nut,  and  1  or  2  pieces  of  citric  acid  of  the  size  of  a  bean. 

I  The  hypo  bath  is  prepared  as  usual.     When  ready  to  develop,  put 

I  into  5  or  6  ounces  of  water  20  to  30  drops  of  the  saturated  sulphite 

I  solution  and  4  or  6  of  the  saturated  carbonate  solution.    To  this  bath 

add  of  the  two  reducers  as  much  as  can  be  heaped  on  a  3-cent  piece. 

If  the  picture  does  not  soon  appear,  add  another  5  drops  of  the  car- 

I  bonate  solution.     With  this  method  chemical  fog  is  impossible  and 

I  over-exposure  is  under  good  control,  while  under-exposure  can  be 

remedied  by  soaking  the  film  in  the  developer  before  adding  the  re- 
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ducers.  Very  good  results  were  obtained  from  equal  parts  of  Eiko 
and  Hydro.  As  the  Eiko  gives  energy  and  the  Hydro  density,  the 
operator  may  modify  the  amount  of  each  used  to  suit  any  particular 
case.  The  Eiko  should  be  rubbed  down  as  fine  as  possible  in  a  mor- 
tar as  it  assists  solution.  After  development,  an  immersion  in  the 
bath  of  chrome  alum  and  citric  acid  will  prevent  stripping  and  help 
to  clear  the  film. 

II.  Co-ordinate  Surveying. 

The  preparation  of  this  part  of  the  present  paper  was  suggested  to 
Mr.  H.  O.  Flipper  by  the  article  on  the  same  subject  by  Mr.  Henry 
F.  Walling,  in  Van  Nostrand's  Science  Setiea  No.  72.  Mr.  Walling's 
article  contains  more  of  suggestion  and  recommendation  than  expla- 
nation of  the  system.  Mr.  Flipper  has  used  extensively  a  system  of 
co-ordinate  surveying  which  seemed  to  fill,  better  than  any  other,  the 
conditions  of  the  work  in  which  he  was  engaged  (public  land  survey- 
ing in  Mexico,  under  concessions),  viz.,  expedition  and  cheapness, 
with  an  acceptable  degree  of  accuracy ;  and  he  has  placed  at  my  dis- 
posal the  following  account  of  his  method,  for  which  I  desire  that 
full  credit  shall  be  given  to  him,  professionally. 

The  first  step  is  to  make  a  reconnaissance  of  the  section  to  be  sur- 
veyed, select  triangulation-points  and  erect  at  each  a  suitable  signal. 
A  base-line  is  then  measured  in  a  suitable  place.  (During  the  pro- 
gress of  the  work,  or  at  its  termination,  one  or  more  additional  base- 
lines are  measured,  to  check  the  calculations.  For  these  measure- 
ments, a  20-meter  steel  tape  is  used).  The  base  is  corrected  for  grade, 
pull,  sag  and  temperature,  and  reduced  to  sea-level ;  and  its  astro- 
nomical bearing,  or,  better,  its  azimuth,  is  determined.  From  each 
triaugulation-point  the  magnetic  bearing  (or  preferably  the  azimuth, 
if  the  instrument  is  graduated  from  0°  to  360°)  of  every  otlier  flag 
that  is  visible  is  then  observed.  As  only  the  angles  of  the  triangles 
are  wanted,  it  is  not  necessary  to  worry  about  local  attraction  or  as- 
tronomical bearings  or  variation  of  the  needle.  Due  care  is  taken  to 
have  all  observations  as  correct  as  possible,  and  at  least  three  obser- 
vations are  made  for  each  determination.  The  following  is  an  ex- 
tract from  actual  notes,  showing  the  form  of  record  employed. 

At  the  top  of  the  page  the  date  and  the  name  of  the  point  where 
the  observations  are  made  are  noted.  If  the  point  is  a  triangulation- 
poiut,  a  small  triangle  is  placed  after  it  as  in  the  instance  given  above. 
In  the  left-hand  column  are  put  the  names  of  the  points  observed  and 
after  them  the  readings  of  the  instrument,  that  is,  the  bearings  or 
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Points  observed. 

Direct  Position. 

Reverse  Position. 

Ver.  I. 

Ver.  II. 

Ver.  I. 

Ver.n. 

San  Juan 

48°  10'  30" 
10'  00" 
10'  30" 

10'  00" 
10'  30" 
10'  80" 

48°  10'  30" 
10'  30" 
10' 00" 

10'  00" 
10'  00" 
jO'30" 

Mean 

48°  10'  20" 
73°  14'  30" 

14'  ly 

14'  16" 

10'  20" 

14'  16" 
14'  30" 
14'  30" 

48°  10'  20" 

73°  14'  16" 
14'  15" 
14'  16" 

10'  10^' 

14'  30" 
14'  15" 
14'  30" 

San  Pedro. 

Mean 

73°  14'  20" 

14'  26" 

73°  14'  16" 

14'  25" 

azimuths  of  those  points,  as  seen  from  the  point  of  observation. 
Similar  columns  may  he  provided  for  vertical  angles  when  desired. 
The  angles  may  be  measured  directly  of  course,  and  as  often  as  de- 
sired ;  and  it  is  evident  that  the  angles  themselves  are  not  affected  by 
local  attraction  of  the  magnetic  needle. 

With  the  base-line  and  the  angles  deduced  from  the  bearings  or 
azimuths,  all  the  distances  covered  by  the  triangulation  may  be  cal- 
culated. Every  line  may  be  calculated  from  two  or  more  triangles, 
affording  in  this  way  a  check  on  each  by  comparison  of  results.  Each 
triangle  may  be  corrected  for  spherical  excess  and  the  forward-  and 
back -azimuth  of  every  line  computed.  When  the  sections  surveyed 
are  comparatively  small,  and  unless  it  is  intended  to  combine  a  num- 
ber of  these  into  a  large  general  map,  as  the  counties  of  a  State,  for 
instance,  it  is  not  necessary  to  correct  for  spherical  excess. 

The  triangles  are  calculated  by  the  ordinary  sine-formulas.  The 
angles  are  computed  from  the  azimuths  by  subtracting  the  first  from 
the  second,  adding  360°  to  the  latter  if  0°  intervenes.  Instead  of 
calculating  the  mean  of  each  set  of  observations,  calculate  the  mean 
of  the  repetitions,  the  angle  corresponding  to  each  position  of  the  tele- 
scope and  vernier,  and  take  the  mean  of  these  as  the  result  required. 
To  illustrate,  find  the  angle  at  El  Moro  between  San  Juan  and  San 
Pedro.     We  have 


73°  14'  20" 
48   10  20 

26   04  00 


73°  14'  26" 
48   10  20 

25    04  05 


73°  14'  15" 
48   10  20 

25   03  66 


26°  04' 00" 
26   04  05 

26   03  65 

25    04  15    and    25   04  15 


73°  14'  25" 
48   10  10 


26   04  04 

which  is  the  angle  at  El  Moro  between  San  Juan  and  San  Pedro. 
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Azimuths  are  here  estimated  toward  the  right  from  0^  at  the  north 
pole  to  360°  or  0°  again.  They  may  be  estimated  from  the  same 
point  toward  the  left^  or  from  0°  at  the  south  point  either  right  or 
left. 

The  calculations  should  be  made  in  the  following  order:  1.  Re- 
duction of  base-line ;  2.  Triangles  of  triaugulation ;  3.  Azimuths  of 
sides  of  triangles;  4.  Co-ordinates  of  triangulation  points;  5.  Three- 
point  problems ;  6.  Unimportant  points  by  intersection;  7.  Plotting;  ' 
8.  Areas. 

Printed  blanks  of  the  following  form  are  used  for  calculating  plane 
triangles,  with  seven-figure  logarithms.  The  algebraic  signs  placed 
before  the  logarithms  on  this  blank  and  others  given  in  this  paper  in- 
dicate the  operations  to  be  performed,  while  those  placed  after  them 
are  the  signs  of  the  quantities  themselves. 


A 

Prielo 

Prieto-Yaqni 

B             Bajob 

4.8547915 

(! 

Taani 

AC 

B 

5.y  45'  8fi" 
4/  2{  ii' 

PrietorBajon 

Bin  — . 

_8in  + 

0.9066286 

4.44W929 

= 

4.4480880 

C 
AB_ 

A 

AC 

9.8445276 
.4J2iWU205 

ig616!4 

A       8f  68'  18" 
B  C        Balon-Ya 

.am 

_8in  + 

9.9aV>315 
4.4437244 

27779.5 

• 

B  

sin  —  _ 

_-Bin+  _ 

"~ 

C 

■ 

A 
BC 

.Bin+ 

- 

AP 

f 

■ 

Spherical  excess  is  computed  by  Legendre's  formula. 


E  = 


bc^mA 
2i22  8inr' 


in  which  E  is  the  spherical  excess,  6  and  o  two  sides  of  the  plane  tri- 
angle, A  the  included  angle  and  R  the  mean  radius  of  the  earth. 

The  expression, —  6 osin^  is  the  area  of  the  plane  triangle.     It  is 

evident  that  any  other  expression  for  the  said  area  may  be  substi- 
tuted for  this  one  in  the  formula  for  spherical  excess. 
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When  no  oorrection  is  made  for  spherical  excess,  the  back-azimath 
is  given  by  the  formula, 

^  =  Z=bl80^ 

When,  however,  the  correction  for  spherical  excess  is  made,  or 
when  convergency  is  considered,  the  formula  for  back-azimuth  be- 
comes 

in  which  Z  is  the  back-azimuth,  Z  the  forward-azimuth,  and  <2Zthe 
correction  for  azimuth.  The  upper  signs  are  used  when  Z  <  180° 
and  the  lower  when  Z>  180°.  The  correction  for  azimuth,  dZ^  is 
computed  by  the  usual  L,  M,  Z  formulas,  as  follows : 

d  1     •    1  XT        6osin^ 

Spherical  excess  E  =  ^  „  .   ^  ■ 

^  2iPsinl" 

22,  mean  radius  of  the  earth  =  6367396.6  meters. 

Latitude,  Longitude  and  Azimuth. 

L—  L'=  +  dL  =  BKC08Z+  CK^  sin^Z  +  Dh\ 

COS-L' 

Z+  ISO  — Z=  —  dZ  =  dM Bin  L^. 

To  make  these  calculations  I  use  printed  blanks  of  the  following 
form : 

lATITTJDE,  LONGITUDE  and  AZmXTTH. 
A        Divisaderos B        Prieto O       Yfl,qTii 

A  68"  29'  37'  68°  29  87."25  a      ,  22681.8 loff  4.»4?aQ6 

B 78   84  63      78   84  53.  25  b   .  23844.0 loy  4.«78ra6 

C.."_".VI 82  >1_30 _."_"," J"_j^55  80   25  ""  c  ""  18221.8 log  4.12129W 

180   00' 00"  180"00'00:'76 

Spherical  Excess.  True  .A&imutha  (direct  and  back.)  Az  y.E. 

Pact.  P.,       1.40547  Arimnth  of  YaguS-Prigto 8°  09'  06."8 

b....  +  4  3773M  Spherical  angle  at       Yaqnl +  88  65  80.  » 

C...  +  4^12129 

sin    a""+  fl.a<>H06  .         AzJmnth  of        Yaatd-DiviBaderoii       Z  -       41   04  87.  1 

2-H9Q-      aai   04  87.1 
B  0.746  dZ»-«-  04g».8    4- 


M B  0'.248  Azimuth  of       Divisaderon-Yaqni        Z «      221°  0^  29r9 
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Geographical  Coordinates. 


Fact.  B  8.5115729    ■»- 

K     •»  4.8773786     -f 

008.     Z....4  UyngTOO  ^  **• 

2.7(M)SS45^-*- 

h  688^:74        -*• 


t..+        0  86      •»• 

K      4        0.01       -^ 


+dL. ft'  44"ll       ■» 


Fact.C 


1.16699 


K*    4  8.75476 


sin"  Z      4-9.68529 


L 
4L. 


j» 


80  00  00 
+  »44 


(  O  t  It 

1  80   09  44 


9.&V}91 


0''.86 


Fact.  A. 
K 
sin    Z. 

cofl.  LI, 
-dM 


8.5098688 


■f  4.8778796 
4  9.8176127 

—  9.9868184 


8.7675827 
585".50 


Ck>ordinate8  of  Diyisaderos 


M 


8f  a/  0(1' 


dM_..— 
M' 


9  45.5 


+ 

Fact.  D            8.8294 
h*"      +  6.5884 

+ 

+ 

+ 

7.8618 

+ 

+ 

tf           0".0OT 

+ 

+ 

dM           9.7Vm 

+ 
+ 

■InL          +  9.69908 
X4W 

1- 

+ 

-dZ            898.79 

4' 

+ 

Latitudo  N. 


O  J  It 

81   10  14  .5     . 
Longitude  West  of  Qreenwlcli, 


After  calculation  of  the  triangulation^  with  correction  for  spherical 
excess,  when  necessary,  and  computation  of  the  back-azimuth  of 
every  line,  the  rectangular  co-ordinates  of  every  point,  referred  to 
some  suitable  point  as  an  origin,  may  be  calculated  as  follows : 


Fig.  2. 


In  Fig.  2,  A  is  a  point  of  which  the  co-ordinates  X'  and  Y'  are 
known  ;  B  is  a  point  of  which  the  co-ordinates  X  and  Y  are  required. 
Obviously,  X  =  X'  =t  a? ;  and  Y  =  Y'  :±=  y ;  x  and  y  being  the  de- 
parture and  latitude  of  B  from  A.  These  departures  and  latitudes 
are  given  by  the  following  formulas,  u  being  the  forward-azimuth 

and  6  the  distance : 
VOL.  XX.— 48 
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Quadrants. 

AzlxnuthB. 

X 

I 

u  <    90<» 

-h  6  Bin  « 

II 

t*>     90** 

+  6siii(180*>--tt) 

III 

u  >  180° 

—  b  sin  (u  —  ISO**) 

IV 

tt  >  270** 

—  6  sin  (360°      u) 

-f  b  cos  tt 

—  6  COS  (180°  —  ti) 

—  6  cos  (tt  —  18(P) 
+  A  cos  (360°  —  «) 


The  following  is  the  form  of  blank  employed : 


PROJECTIONS  and  COOEDINATES. 
A — D 

AD 

17?° 

4o'5r  • 

4.066A440 

4.088A440 

az= 

sin        + 

X. 

• 

X, 

R.8821887 

+ 

oos       -f  9.9ra»<H49       — 

A 

D 

8.89H7827 

8fi0.4 
88801.0 

88fiB0.6 

+ 
+ 

4.O06S2H9       — 

y            {    10687.6       — 
T                47«W.O       + 

T            snn.6     + 

az= 

Bin        -t- 

X « 

£,. 

__— 

eo«         +               ,  ,,||  ,  — 

— 

— 

^^^ 

y 

^H* 

■^.                    .,,,.— 

T             .                            — 

FiUing  In. — The  most  expeditious  method  of  filling  in  is  that  of  • 
the  "three-point  problem."  The  practice  is  to  go  to  every  corner 
of  private  lands,  every  spring,  every  mountain  peak  not  a  triauga- 
lation-point,  and  every  other  point  which  it  is  desired  to  locate  on 
the  map,  and  take  the  azimuth  of  every  flag  that  is  visible,  precisely 
as  was  done  in  the  triangulation.  Here  also  all  that  is  wanted  is 
the  angle  between  every  two  lines.  If  it  is  desired  to  meander 
a  stream  or  road  or  trail  or  locate  important  topographical  features 
of  the  country,  observations  as  described  are  taken  on  every  flag  that 
IS  visible.  Each  point  may  be  calculated  by  several  sets  of  three 
points  and  the  results  may  be  compared  as  a  check.  For  instance, 
in  the  case  shown  by  Fig.  ►%  the  point  a  may  be  calculated  from  the 
points,  UK,  or  IJL,  or  IKN,  or  JKL,  or  KLN,  or  IKD,  or  KND, 
or  LND,  etc. 
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Fig.  8, 


The  three-point  problem  is  calculated  as  follows : 

Case  L 

The  sides  a,  b  and  c,  and  their  azimuths,  the  angles  A,  B  and  C, 
and  the  observed  angles /and  g^  having  been  given  by  previous  cal- 
culations or  observations,  it  is  required  to  find  AD^  or  CD,  or  BD. 


In  the  triangles  BCD  and  ACD 

CD  =  5^  =  ^^,  whence 


sin/ 


sin^r 


sm  y ctsinff 

sina?""  6  sin/ 
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Let  m  be  any  angle^  such  that 


,  a  sin  a 

tanm^  _    .    % 

OQinf 


^i^,  whence  sin  y  =  sin  9  tan  m.    Bat 

sin  2; 


tan  J  (a? — y) sin  a?  —  sin  y sin  a?  —  sin  x  tan  m 

tan  i  (a?  +  y)      sin  a?  +  siny      sin  a;  +  sin  a;  tan  m 


1 — tanm 
1  +  tantn 


=  cot  (m  +  46®) 


tan  J(ar—y)  =  tan  J(a?  +  y)  cot  (m  +  45^) 
J(a?  +  y)  =  180°— i(/  +  iir  +  C). 

Having  found  x  and  y,  we  have,  in  the  triangle  ABD^  the  angle  at 
B,  or  B'  =  x  —  B,  and  the  angle  at  A,  or  A'  =y  —  A ;  and  AD  or 
BD  can  be  touud  bj  the  usoal  sine-formula* 


Case  IL 

The  same  elements  being  given  and  required,  but  D  being  within 
the  triangle  ABC^  the  calculation  results  as  follows : 
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B'  =  B— a:,and  A'  =  A  — y. 

Owe  III. 

For  this  case,  presenting  a  still  different  relative  position  of  D,  the 
result  is  as  follows : 


i(^  +  y)=i[c-(/+fl')] 

B'  =  B  +  a?,  and  A'  =  A  +  y. 

The  correctness  of  the  calculation  may  be  verified  in  either  of  the 
three  cases  by  the  formula : 

_52)sin(y  +  flr) 


tanm  = 


-4i)sin(a+/) 


It  sometimes  happens  that  only  one  or  two  flags  are  visible,  in 
which  case  auxiliary  points  may  be  used.  For  such  a  purpose,  select 
a  point  from  which  at  least  three  points  are  visible  and  which  is  it- 
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self  visible  from  the  point  whose  location  is  required.  Locate  the 
auxiliary  point  by  the  '^  three-point  problem/'  and  then  the  required 
point  by  means  of  the  two  visible  flags  and  the  auxiliary  point  just 
established.  Or,  when  only  two  flags  are  visible,  as  A  and  B  irom 
C,  in  Fig.  ly  we  may  proceed  as  follows : 

Fia.  7. 


7^.' 


^'    r>.  X 


/  Nk 

A.  >••'  \.  /  \ 

p.r.-:_./A..k_ «r i±...:::S^ 

At  C  take  the^tzimuths  of  A  and  B  and  any  third  point  as  D,  from 
which  A,  B,  and  C  are  visible.  Go  to  D  and  take  the  azimuths  of 
A,  B,  and  C. 

In  the  triangle  BCD, 

a  =  i$^',  and  in  ACD,  b  =  If!^;  whence 
sm  X  sin  y 

6  d  sin/ sin  a?       sin/sin  a; 

a       d&inyAng      sin^siny* 

Let  m  be  any  angle  such  that 

.  b       sin/sin  X  .  o,     .% 

tan  m  =  —  =   .  -^    , —  or  cot  m  =  --- :  then 

a       sin^siny  6 

ootm  —  1       a — 6  .,      ,    .-qv 

— —  =  -— _  =oot  (to  +  45°). 

cotm  +  1      a  +  o 

In  the  triangle  ABC, 

« 

tan  J  (^ —5)=  ±^  tan  J  (4  +  5) = tan  J  (4  +  5)  cot  (m  +  45°). 

Since  A  -f  B  ==  180°  —  K,  the  values  of  A  and  B  oan  be  calcu- 
lated ;  and  in  the  same  triangle,  ABC, 
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6  =  £^[^anda  =  ^''"^ 


sinK 


sin^' 


For  these  calculations,  including  those  of  the  co-ordinates  of  the 
points  thus  determined,  printed  blanks  of  the  following  form  are  used : 


'F.B.Nb,_6 

A : 


D. 


Chanate 


C=^AB=^  86796.0 

a-BCs«  aooes.ft 

b>AC=  22118.8 

A  48°  d  57 


tt 


THREE  POINTS. 
Pitiqtiito 


Salada 


log       4.411B687 
log      4.80888001 


4.8446688 


65'58'28" 


az' 

ta 

_a«  > 
—0 


*       ■■ 

Camero 


'168**  51  02" 


887  52  89 


213  40  50 


76""  l{  a6' 


i=66°25'46" 


g=fl0  09 


f4-g«ie5  84  45 
C  +  f+g=210_4§_2L 

J<(x+y)-I80-.Jii(C+f  +  g)=74  86  47 


4.8028901 


nng 

b ^ 

slnf 
tan  m 

m ' 


^Q,9TWW65 


«-4.3446588 
—9.9621689 


:42°  46^10^^, 


4.411SS87 


4.6665084 
■in.rx  -B)J^6506952        , 
4.2171976 


AD 


16849.1 


mAC  = 

y= 

azAD— 


212°  40'  59^ 
—  66   40  84 
146   00  25 


jn+4^=87l48Vl_ 
H(x+y)'=74_86_47_ 
H(x-y)«JLMLl«_+ 

X  ==82  88  00 


I  Y  =66   40  84 


4.5665024 

J 

Bin(y-A>l9.4868170 

_^ 

4.0528194 

- 

■R  T>              .11298.2  ^ 

AD            4.2171976 

sin  AS  AD +9.7474886 

-f 

8.9646812 

_+ 

z                       9219.0 

+ 

A        X=       6871.0 

+ 

D        X,=      16090.0 

_+^ 

oot 8.5880648       + 

tan + 10.5608504     + 

tan  *~ 9.144.S147    '  + 

^-B  g(f  84*  87 ' 

y- A  Z 17  60  87 


sinx + 


CD 


4.2171976 


COS  az  AD  -I-  9.9186097      — 
4.1858079     — 


y- 


18671.2      — 

+ 


—    10840.0 

X  _r_- 


28aSjB      -* 


In  extended  calculations  it  frequently  happens  that  the  three  points 
are  given  by  their  co-ordinates  alone.  It  then  becomes  necessary  to 
calculate  the  triangle,  which  is  done  by  the  following  formulas : 
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tant6i 

Vi  —  Vi 

tant^ 

tan  1^3 

__a?3 — a?i 

Vs—yi 


0  =  ^«~^«_yg~yi 

sin  Ui       COS  U| 

q— ^s  — g^t^ys  — ya 

sin  Uj       006  Uj 

6  =  ^—^i^ys— yi 

sin  t«3       COS  ti. 


^  =  03.^5  — az.il  C-  B  =  SeO""  —  {az.BA  —  az.BC) : 

C  =  a2.CA  — a3;.CB. 

In  these  calculations  great  care  must  be  had  in  the  use  of  the  signs, 
in  order  to  get  the  correct  values  of  Uj,  u,,  and  w,. 

If  jTj  —  oji  is  +  and  ^2  —  yi  >8  +>  tan  w^  is  +  ;  tti  <  90°  and  is  in 
quadrant  I. 

Ifajj — ajjis  +  andyj  —  yi  is — jtanwjis  —  ;Ui>  90°  <180°and 
is  in  quadrant  II. 

If  a?2 — a;,  is  —  andyj  —  yi  is  — ,  tan  u^  is  +;  Wj  >  180°  <  270°  and 
is  in  quadrant  III. 

If  a;, — ojiis  —  andyj  —  yiis  4-,tani6,  is — ;w,  >  270°  <  360°  and 
is  in  quadrant  IV. 

If  the  bearings  are  wanted,  no  attention  need  be  given  to  the  signs, 
as  they  may  be  taken  directly  from  the  tables.  Or  the  azimuths  may 
be  converted  into  bearings  and  vioe  versa.     If 

Azimuth  <  90°,  Bearing  =  Azimuth  and  is  N.  E. 

Azimuth  >  90°  <  180°,  Bearing  =  180°  —Azimuth  and  is  S.  E. 
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Azimuth  >  180*'  <  270°,  Bearing  =  Azimuth  — 180°  and  is  S.  W. 
Azimuth  >  270°  <  360°,  Bearing  =  360°  —  Azimuth  and  is  N.  W. 
The  printed  blanks  for  these  calculations  are  of  the  following  form : 


Ohanate 


TRIANGLES. , 
hj  "Coordinates. 

B  Salada 


Az.  N.W. 


A.^,= 


6871.04tr|-x^« 


14046.0 +,  x,^  X,: 
6070.0— ^Xf^  x^ 


6.8868219 


_     4.3»l066g 


tan  u, 

azABsu,  s 


».4fll7667        "^>^ 


x,-x^ ^ ±SS!3m. 


7-  Jf-      —    s.raooQSg 

tan  n, 10.4913936 


asBC»n|=s      .887' 


X,-  x^ 4.0770407 

y,-y^ --   4.g6979aO- 

tan  u, 9,80752471. 


Oamero 


7175.0 -Ky^ 


aiAC^n.  sr     M^djsC. 


19116.0 -sy,= 
J194L0^y,= 


10849.0  -H  y^->T««       S^TTSTo    — 
13929.0  -^  y,-  y,=         6166.0    4^ 


—      tin  n,   —    9.4442698 
4.411Bfl27 


7768.0  ~>v,~Yt=        l»lgQ     — 
8J658219 tts.  A  B  =  16^  &/  Oi^' 


o=AB  =^      26796.0 
■^.gglSgTO 


.4-      Bin  u,  —    9.9785069 

■—  4.802S901 


•  -BC  a^       20086.8 

_  — _ 4.0770407 

I—      Bin  n, —    9.7828869 


4.8146588 


b-A  c  = amaJL 


■gAG=  212  40  69 
A=*^  49  67 


aasBA=jyjLfilMl 


B=_M68 


MBOA«_a£jjLfi£. 

asC Ti=a  107  62  89 


0= 


y76   11  40 


A B q 

A,  X,  =  ^-<xt-<x-,i3  ,   .  ny,  s*  s^yf— y«=  ■" 

BiX.=  , -^xrrx,=  ,.-d^y,aa  -»y.-yg= — 

G.X8= -»x,-ix,«  .gTy,** ^^y«-y,«- ^— 

^,— x^ — . axAB= 

y,-y, — .  ""      Bin  u,  —  __-______j_-      agAC= 

tan  XLf _^  ___— ^_____ —  __^_^_-_^_^  Aa 

azAB=n,a3      cbAB», • 

».~  X.. -«. *rB  Aa 

y«-yr— — -^  —      Bin  u^—   s,--__--B,ss-      '^'^^^^ 

tan  Jig. '—  ■  "— 

asBCBn|»      a=BC=  

X,-X^ ^OAes 

y,-y^ —  ^-_^__g;__^^—     Bin  tt, —  »^_^__5_^5_.      a»CrB=^^j^^___^__ 

tan  u,. —  >       g-, 

lttAC»n,«      b«-AC=     _^ ^ 

Unimportant  Points. — ^Unimportant  points  may  be  located  by  sim- 
ple intersection,  thus: 

Given  (Fig.  9)  AC  and  its  azimuth,  and  the  angle  A,  to  find  the 
azimuths  of  AB  and  CB,  solve  the  triangle  and  locate  B. 

It  is  necessary  to  use  a  third  point,  P,  visible  from  C,  and  whose 
azimuth  CD  is  known,  as  also  the  observed  angle  between  CD  and 
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CB.  From  the  known  azimuth  of  AC  and  the  angle  CAB,  the  azi- 
muth of  AB  is  found,  and  from  the  azimuth  of  CD  and  the  angle 
BCn  the  azimuth  of  CB  is  found.  From  the  azimuths  of  the  three 
sides  the  interior  angles  can  easily  be  found,  as  follows : 


Sides. 

Angles. 

Azimuths. 

AC 
AB 
CD 
CB 
CA 
BA 

BC 

* 

106^  10'  13" 
221*»  65'  20.5" 
269**  01'  32" 
261^  29'  28" 
286<»  10'  13" 
41**  56'  20  5" 
810  29'  28" 

115*  45'  07.6" 

7**  30'  04" 
240  40/  45// 

39*»  84'  07.5" 

That  is,  the  measured  angle  at  A,  116^  45'  07.5'',  between  B  and 
C,  added  to  the  known  azimuth  of  AC,  106''  10'  13",  gives  the  azi- 
muth of  AB,  221°  55'  20.5". 

The  measured  angle  C,  7°  30'  04",  between  B  and  D,  subtracted 
from  the  known  azimuth  of  CD,  269°  01'  31",  gives  the  azimuth  of 
CB,  261°  29'  28".  This  latter  subtracted  from  the  azimuth  of  CA, 
or  the  back-azimuth  of  AC,  106°  10'  13"  +  180°  =  286°  10'  13", 
gives  the  angle  C,  24°  40'  45",  between  A  and  B. 

The  azimuth  of  BC,  or  the  back-azimuth  of  CB,  261°  29'  28"  — 
180°  =  81°  29'  28",  less  the  azimuth  of  BA,  or  the  back-azimuth  of 
AB,  221°^ 55'  20.5".— 180°  =  41°  55'  20.5" gives  39°  34'  07.5",  the 
angle  at  B  between  A  and  C. 
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With  the  side  AC  and  the  three  angles^  the  triangle  can  be  readily 
solved. 

At  times  the  problem  is  presented  in  this  form. 


Fig.  10. 


Given  AC  and  its  azimuth,  required  the  position  of  the  point  B. 

The  azimuth  of  AD  and  the  observed  angle  BAD  are  known, 
hence  the  azimuth  of  AB.  The  observed  angle  BCE  is  known,  but 
not  the  azimuth  of  CE.  The  azimuth  of  £F  and  the  angle  FEC  are 
known,  hence  the  azimuth  of  EC.  From  the  back-azimuth  of  EC, 
or  the  azimuth  of  CE  and  the  angle  BCE,  the  azimuth  of  CB  is  found. 
The  azimuths  of  the  three  sides  now  being  known,  the  angles  are 
readily  found  and  the  triangle  is  solved.  The  form  of  the  printed 
blanks  for  angles  and  azimuths  has  been  already  given. 

With  the  co-ordinates  of  every  point  correctly  calculated  the  map 
can  now  be  plotted  with  the  greatest  facility  and  far  more  correctly 
than  with  protractor  and  scale. 

The  courses  and  distances  may  be  calculated  from  the  co-ordinates 
as  follows : 

Fig.  11. 


« 

X 

. 

y 

4 

K 

Sv. 

•a» 

a 

«»• 
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tanu=  -i- 


X 


Vi—y 


Bin  u       cos  u 
The  printed  blank  for  these  calculations  is  in  the  following  form 

COUBSES  and  DISTANCES. 


Salada 


Chanate 


Ohanate-Salada 


»i «. 

X-a, 


Tc.-r 


tan.u    . 


.-u« 


14046.0     H- -yjs; 

6871.0      -I- y„ 


180e&.O  -^ 

10849.0         4- 


7176.0   -H-      y,~y=a  24778.0         — > 


8.8668219 


9.4617567     — 


36°  08''68''8.W.    d  = 


8.8668219 


4.8940662    —      ain  n  —         9.4442692 


4.4115627 


25796.0 


•*i= 


Xi 

X,-X: 


y,= 


—     y,-y. 


x-x     . 
tan  Q 

U  saS. 


1 —       fidn  u 


d  = 


Areas, — Areas  may  be  calculated  from  the  co-ordinates  by  the  for- 
mula, 

Area  =  J[yi(a?,  — a:j)+y,(ari  — a?3)  +  y3(a;,— a?4)+y4(««  — «») 

+  y^  (^4  —a?/)] 
or 

Area  =  J[a?i(y5  — ya)  +  a:,(yi  — y3)  +  icjy,  — y4)+a:,(y3  — y^) 

+  «5(y4  — yO] 
The  form  of  reduction  is  as  follows  : 


Comer. 

Ordinatee. 
(Y.) 

AbBclssse. 
(X.) 

Difference  of  Al- 
ternate AbecisHB. 

Donble  Areas. 

A 
B 
C 
D 
E 

482 
819 
640 
892 
1210 

200 
718 
1031 
781 
350 

—  868 

—  831 

—  63 
+  681 

+  681 

—  1773 

—  2651 

—  403 
+  6074 
+  7030 

Plus  area +  13,104 

Minus  area...! —   4,827 

2)8,277 


4,138  if.  Mt'iL 
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That  18, 360  —  718  =  —368 ;  200  — 1031  =  _  831 ;  718  —  781 
=  —  63;  1031  — 360  =  +  681;  and  781 —200  =  + 681. 

Mc  Flipper  prefers  to  calculate  areas  by  a  modification  of  the  well- 
known  method  of  Double  Meridian  Distances.  The  following  ex- 
ample will  show  the  points  of  the  method.  The  point  or  comer 
nearest  the  meridian  passing  through  the  center  of  the  tract  is  se- 
lected as  the  point  of  beginning. 


Couraes. 

DiSt. 

Projections. 

D.  Distances 

• 

i 

n 

Double  Areas. 

N. 

8. 

E. 

W. 

E. 

W. 

N.E.  & 
8.W. 

N.W.4 

8.  £. 

8.  72°  81' 68"  E. 
N.  44°  16' 87"  E. 
N.  44°  46'  18"  W. 
N.58«84'46"W. 
8.  11«  88'  88"  W. 

548 
448 
856 
586 
748 

821 
252 
818 

168 

728 

518 
813 

250 
481 
150 

868 

881 

63 

681 
581* 

0 
881 
894 
213 
868 

■ 

E. 
E. 
E. 
W. 

••• 

2667 

2258 

677 

2679 

*•••••••• 

891 

891 

881 

881 

1262 

1262 

2)8276 


4138sq.meters. 

This  is  the  same  tract^  the  area  of  which  is  calculated  above  from 
the  co-ordinates  of  the  comers.     The  result  is  the  same,  of  course. 

It  will  be  observed  that  the  sum  of  the  double  distances  east  is 
equal  to  the  sum  of  the  double  distances  west ;  that  the  last  multiplier 
is  equal  to  the  first  double  distance,  with  a  contrary  sign  ;  and  that 
the  first  multiplier  is  always  zero. 

1st  D.  D.  =  1st  E.  or  W.  db  Last  E.  or  W. 

2d  D.  D.  =  1st  E.  or  W.  ::f  2d  E.  or  W. 

3d  D.  D.  =  2d  E.  or  W.  it  3d  E.  or  W.,  etc. 

2d  Multiplier  =  2d  D.  D. 

3d  Multiplier  =  2d  Multiplier  db  3d  D.  D.,  etc. 

Last  Multiplier  =  let  D.  D. 

1st  Multiplier  =  Last  Multiplier  =t  Ist  D.  D.  =  0. 

The  northings  and  southings  are  multiplied  by  the  multipliers,  and 
the  results  placed  in  the  proper  columns.  The  difference  between  the 
sums  of  the  two  columns  is  the  double  area,  and  half  of  this  is  the  area 
required. 

The  direct  method  by  co-ordinates  is  faulty  in  that  there  is  no  check 
to  the  accuracy  of  the  work.  The  survey  should  first  be  balanced,  and 
then  the  area  may  be  calculated  by  either  method.    Having,  however, 
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balanced  the  survey^  the  latter  method  is  the  simpler  and  shorter. 
By  balancing  the  survey,  errors  in  the  co-ordinates  may  be  dis* 
covered  which  probably  would  otherwise  escape  detection. 

The  projections,  or  latitudes  and  departures,  may  be  calculated  on 
the  printed  blank  for  courses  and  distances. 

Advantages, — ^The  advantages  claimed  for  this  system  are : 

1.  The  superior  accuracy  of  surveys  thus  made  as  compared  with 
those  made  by  chain  and  compass,  or  chain  and  transit,  commonly 
known  as  "  traverse-surveying/^ 

2.  Its  cheapness.  The  work  is  done  far  more  rapidly  and  with  a 
much  smaller  number  of  assistants  than  by  any  other  method,  thus 
reducing  expenses  both*  as  to  number  of  employees  and  as  to  time 
consumed. 

3.  Facility  and  accuracy  in  plotting. 

4.  The  certainty  that  subsequent  surveys  of  adjoining  tracts  made 
in  the  same  manner  will  fit  without  the  necessity  of  '*  fudging.'' 

5.  Absolute  certainty  of  description  in  conveyances. 

6.  Simple  and  convenient  notation  and  consequent  facility  of  cal- 
culation. 

7.  The  combinations  of  geodesy  with  ordinary  suqveying,  so  that 
latitudes,  longitudes,  and  azimuths  may  be  readily  computed  and  large 
areas  plotted  on  a  polyconic  or  other  projection.  Where  the  system 
can  be  used  in  connection  with  accurately  established  geodetic  points, 
as  in  the  United  States,  a  very  high  degree  of  accuracy  may  be  ob- 
tained. 


NOTES  ON  A  NOVEL  CABLE  TRANSFER  FOR  RAILROAD- 
CARS,  AND  THE  USE  OF  THE  PATENT  LOCKED- 

WIRE  ROPE, 

BY  B.    O.   SPILSBtJRY,  TRENTON,  N.  J. 
(Glen  Smnmlt  Meeting,  October,  1891.) 

As  a  fresh  illustration  of  the  advances  made  in  the  past  few  years 
in  the  overhead-cable  systems  of  hoisting  and  conveying,  as  applied 
to  open-cut  deep  mining  and  quarrying,  I  would  call  attention  to  a 
further  development  of  this  system  of  transportation  which  has 
lately  been  put  in  operation  in  this  State.  A  few  miles  above  Wil- 
liamsport,  on  the  Susquehanna  river,  the  Glen  Union  Lumber  Com- 
pany, of  Pottsville,  Pa.,  owned  a  large  tract  of  valuable  timber- 
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land,  which  they  proposed  to  bring  into  the  market.  Unfortanately, 
this  land  is  situated  on  the  right  bank  of  the  river^  while  the  rail- 
road, the  only  available  means  of  marketing  the  lumber,  runs  on  the 
left  bank.  The  river  is  about  750  feet  wide  at  this  plaoe,  and  the 
C50st  of  a  bridge  to  carry  the  cars  over  was  practically  prohibitory,  as 
it  threatened  to  consume  the  profits  of  the  business  for  many  years. 
Several  plans  for  obviating  the  difficulty,  such  as  a  ferry-transport, 
or  a  floating  bridge,  were  proposed ;  but  these  were  considered  im- 
practicable by  reason  of  the  rapid  floods  and  ice-gorges  to  which  this 
river  is  subject.  The  problem  was  then  submitted  to  the  writer,  who 
proposed  as  a  solution,  and  subsequently  erected,  one  of  the  Trenton 
Iron  Company's  cable-hoists.  This  transfer  Kas  now  been  in  success- 
ful operation  for  more  than  a  year,  and  has  thoroughly  demonstrated 
the  feasibility  of  the  system  for  carrying  loads  of  20  or  30  tons  over 
very  long  spans. 

The  work  to  be  done  was  to  take  the  loaded  railroad-cars  from 
the  tracks  which  brought  them  down  to  the  river-bank,  and  deliver 
them  without  unloading  to  the  tracks  of  the  Philadelphia  and  Erie 
railroad  on  the  opposite  shore.  The  shortest  span  which  could  be 
obtained  was  733  feet.  The  accompanying  sketch  shows  the  general 
construction.  Two  70-foot  towers  were  erected,  one  on  each  bank, 
and  over  the  top  of  these  were  stretched  two  steel  cables,  each  2 
inches  in  diameter,  each  cable  having  a  breaking-strain  of  about  125 
tons.  In  order  to  equalize  the  strains  on  these  cables,  and  so  keep 
them  always  parallel,  they  were  made  in  one  continuous  length,  the 
two  loose  ends  being  anchored  rigidly  on  the  railroad  side  of  the 
river,  and  the  bight  at  the  other  end  passing  round  a  6-foot  sheave^ 
revolving  in  a  shackle  attached  to  the  anchorage  on  the  other  bank. 
On  these  cables  runs  a  carriage  supported  on  four  wheels,  and  moved 
back  and  forth  by  means  of  an  endless  cable  1  inch  in  diameter.  In 
the  lower  part  of  this  carriage  are  placed  the  hoisting-sheaves,  which, 
in  conjunction  with  a  large  fall-block,  hoist  the  load  vertically^  high 
enough  to  free  it  from  the  tracks  at  each  end  and  from  the  river  at 
its  highest  stage  in  the  middle.  A  wrought-iron  lattice-work  cage, 
36  feet  in  length  and  fitted  with  tracks,  receives  the  car  at  each  end. 
The  sag  of  the  hauling-ropes  and  also  of  the  hoisting-rope,  which  on 
so  long  a  span  would  be  very  great,  is  taken  up  by  a  number  of  fall- 
rope  carriers  of  the  Locke  patent  design.  Indeed,  the  whole  arrange- 
ment of  carriage  and  fall-blocks  is  only  a  modification  of  Locke's 
system  to  meet  the  special  requirements  of  the  case.  The  |>ower  re- 
quired to  operate  the  system  is  furnished  by   a  60-horse-power, 
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specially-designed  engine,  built  bj  the  Lidgerwood  Manufacturing 
Company.  The  total  load  carried  is  about  26  tons,  including  the 
cage  and  car;  the  estimated  load  of  lumber  being  12  tons.  The  trip 
across  the  river  is  made  in  about  three  minutes.  The  total  cost  of 
the  whole  structure  completed  was  less  than  one-fifth  the  cost  of  a 
bridge,  even  of  the  lightest  design. 

During  its  operation  la.st  winter  and  spring,  no  delays  occurred 
from  ice-gorges  or  freshets.  After  it  had  been  running  for  some 
months,  however,  it  was  found  that  the  wear  on  the  tread  of  the 
carriage- wheels  was  very  great.  This  was  obviously  due  to  the  un- 
even surface  of  the  ropes,  which  tended  to  cut  a  spiral  thread  on  the 
grooves  corresponding  to  the  lay  of  the  strands  in  the  rope.  Of 
course,  it  would  not  do  to  make  these  wheels  of  harder  material  than 
the  rope,  since  it  is  cheaper  to  replace  them  than  it  would  be  to  wear 
out  the  rope;  but,  at  the  same  time,  the  cost  of  replacing  the  wheels 
threatened  to  lessen  greatly  the  economy  of  the  whole  system. 
Hence,  it  has  now  been  determined  to  replace  the  two  main  cables  of 
the  ordinary  make  by  two  of  the  smooth-coil  Elliot  locked-rope 
cables,  the  use  of  which  entirely  obviates  all  this  wear  on  the  wheels. 
These  ropes  are  now  being  manufactured,  and  I  hope  to  present,  at 
some  future  meeting,  figures  thoroughly  demonstrating  the  great 
advantages  of  these  ropes  over  all  others  for  just  such  purposes. 

It  may  be  permissible  to  say  here  a  few  words  about  the  progress 
of  the  introduction  of  this  Elliot  rope  in  this  country.  When  we 
first  began  to  manufacture  it,  we  supposed  that  all  the  difficulties 
likely  to  arise  had  been  met  by  the  patentees  in  their  English  works ; 
but  we  soon  found  that  such  was  not  the  case,  and  that  there  was 
much  to  learn  before  we  could  make  it  a  thorough  success.  As 
many, of  the  members  of  the  Institute  are  aware,  several  of  the  first 
ropes  of  this  kind  which  we  placed  in  collieries  of  the  anthracite 
region  did  not  give  long  enough  extra  service  to  warrant  their  extra 
cost.  This  disappointment  was  due,  in  large  part,  to  a  lack  of  ex- 
perience on  our  part  as  to  the  exact  quality  of  steel  necessary  for  the 
ropes,  and  also  to  the  fact,  which  we  have  since  found  out,  that  these 
ropes  must  be  designed  specially  for  the  use  they  are  to  be  put  to, 
and  ought  not  to  be  used  indiscriminately  from  stock,  as  is  oflen  the 
case  with  the  ordinary  ropes.  Wherever  the  conditions  have  been 
thoroughly  made  known  to  the  manufacturer  beforehand,  these  ropes 
are  now  giving  the  utmost  satisfaction,  and  I  feel  sure  that  gradually, 
as  they  become  better  known,  their  use  will  be  very  greatly  extended. 

In  the  English  collieries  to-day,  their  use  is  increasing  rapidlj^,  not- 
voi*  XX.— 49 
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withstanding  all  the  prejudices  which  they  have  had  to  combat  from 
other  manufacturers,  and  from  the  defects  which  many  of  the  first 
ropes  manifested.  A  leading  colliery-owner  in  Wales  made  the 
remark  to  Mr.  Abram  S.  Hewitt  last  summer,  when  the  latter  was 

« 

in  England,  that  notwithstanding  their  aversion  to  the  change,  the 
increased  degree  of  safety  to  their  men's  lives  which  these  locked 
ropes  offered  was  so  great  that  they  could  not  now  afford  to  use  any 
other  kind. 

In  this  country,  the  managers  of  western  mines  seem  to  appreciate 
the  economy  of  the  locked  rope ;  and  the  demand  ibr  it  from  that 
section  is  increasing  considerably.  In  closing  I  merely  call  atten- 
tion to  two  cases  in  which  the  Elliot  rope  is  giving  remarkable 
results : 

The  Grauley  Mountain  Coal  Company,  of  West  Virginia,  pat  in, 
in  the  spring  of  1890,  two  of  these  ropes  of  1  inch  diameter  on  its 
plane,  which  is  2500  feet  in  length;  the  ''trips"  consisting  of  two 
cars,  each  carrying  about  6  tons.  Up  to  last  month,  over  200,000 
tons  of  coal  had  been  run  down ;  and  at  the  time  I  saw  the  cables,  a 
few  weeks  since,  there  was  not  the  slightest  sign  of  wear  to  be  seen 
anywhere  on  them.  It  was  impossible  to  note  with  callipers  any 
lessening  of  the  diameter ;  notwithstanding  these  ropes  had  been  sub- 
jected to  excessive  strains,  owing  to  two  accidents  on  the  plane,  in 
one  of  which  one  of  the  ropes  had  been  torn  out  of  the  ''  barney  " 
by  a  collision.  The  Manager,  Mr.  Wm.  N.  Page,  informed  me  also 
that  since  the  introduction  of  these  ropes  he  had  not  had  to  replace 
one  single  track-roller,  and  that  they  were  still  as  good  now  as  the 
day  they  were  put  in,  over  twenty  months  ago. 

The  other  case  is  a  locke<}  rope,  1^  inch  diameter  and  4000  feet 
long,  which  has  now  been  running  over  a  year  at  the  Central  Copper 
Mine  in  Michigan.  This  rope  hoists  a  load  of  about  9  tons,  at  an 
average  speed  of  2900  feet  a  minute.  It  has  already  outlived  any 
ordinary  rope  used  heretofore  in  this  place,  and  from  a  report 
received  a  few  weeks  since,  it  shows  absolutely  no  sign  of  wear  what- 
ever. The  Superintendent  further  reports  that,  whereas  with  the 
ordinary  rope  they  wear  out  the  grooves  of  their  head-sheave  every 
three  months,  they  have  not  had  to  replace  this  sheave  since  the 
locked  rope  was  put  in,  and  it  is  as  smooth  now  as  when  new. 

The  Northwest  Coal  Company,  of  Scran  ton,  has  also  used  our 
locked  ropes  with  much  success.  In  a  letter  received  from  them, 
after  detailing  the  work  done  by  these  ropes,  they  sum  up  as  follows : 
''The  result  has  been  very  satisfactory ;  in  the  first  place  the  1-inch 
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patent  locked  rope  did  the  work  of  a  l^-inch  ordinary  rope  and 
lasted  at  least  twice  as  long  as  the  average  life  of  an  ordinary  wire 
rope.  We  regard  it  as  the  most  economical  rope  in  use,  and  indeed 
are  very  well  satisfied  with  it." 

As  is  the  case  with  every  other  novelty,  it  will  take  time  to  prove 
the  advantages  of  this  rope.  It  seems  to  me,  however,  that  the 
locked  rope  has  come  to  stay,  and  while  it  is  not  adapted  to  every 
use  the  ordinary  rope  can  be  applied  to,  still  I  am  inclined  to  think 
that  for  mining  purposes  it  will  soon  be  much  more  sought  after  and 
relied  upon  than  it  has  been  heretofore. 


TESTS  AND  BEQUIBEMENTS  OF  STRUCTURAL  WROUGHT- 

IRON  AND  STEEL. 

(Discussion  continued  from  page  781.) 

GusTAVUS  C.  Hennikg,  New  York  City :  I  desire  to  correct  an 
injustice  inadvertently  committed  in  my  contribution  (pp.  715  to 
726)  to  this  discussion.  Namely,  on  page  717,  line  1,  after  the 
words,  ^'cannot  be  filled  in  the  East,"  I  wish  to  add  the  words, 
''  except  by  the  Catasauqua  Manufacturing  Co."  The  same  qualifi- 
cation should  be  made  in  the  similar  statement  on  page  718,  line  8; 
and  on  page  726,  line  22,  the  words  '^  by  the  Catasauqua  Manufac- 
turing Co.,"  should  be  introduced  before  the  words,  ^^  in  the  Lehigh 
Valley." 


THE  ALLUVIAL  TIN-DEPOSITS  OF  8IAK,  SUMATRA. 

Secretary's  Note  :  The  paper  of  Mr.  Rolker  on  the  above  sub- 
ject, printed  on  pp.  60  to  84  of  the  present  volume,  was  necessarily 
passed  through  all  stages  of  publication  without  revision  from  the 
author,  who  was  during  the  whole  period  in  the  interior  of  Africa. 
Some  errors,  especially  in  the  spelling  of  proper  names  and  foreign 
words,  naturally  occurred  in  spite  of  all  care  taken  to  prevent  them; 
and  the  following  corrections  are  therefore  required  : 

Page  62,  line  19  from  top,  Kanau  should  be  Kanan. 

Page  62,  line  20  from  top,  Kanau  should  be  Kanan. 

Page  52,  line  23  from  top,  Kanau  should  be  Kanan. 
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Page  52,  line  24  from  top,  Kanau  should  be  Kanan. 

Page  52,  line  24  from  top,  Podang  should  be  Padang. 

Page  54,  line  13  from  bottom,  Kanau  should  be  Kanan. 

Page  60,  line  5  from  bottom,  Pingir  should  be  Pingi. 

Page  60,  line  4  from  bottom,  filcoon  should  be  Blevon. 

Page  61,  line  20  from  bottom,  area  should  be  artM. 

Line  8  from  the  bottom  on  page  82  is  out  of  place.  It  belongs 
under  the  table  on  page  83,  upon  which  it  is  a  comment.  And  the 
title  of  this  table  should  show  that  it  is  taken  from  mercantile 
sources. — R.  W.  R. 


TBm  BENDIQO  GOLD-FIELD. 

Secretary's  Note  :  In  the  paper  on  this  subject  by  Mr.  Rick- 
ard  (page  463  of  this  volume),  mention  is  made  (on  page  526)  of 
Mr.  £.  J.  Dunn  as  having  been  the  first  to  point  out  the  true  rela- 
tion of  the  Bendigo  deposits  to  the  stratification  of  the  enclosing  rocks; 
and  reference  is  made  to  his  note  on  the  subject,  in  the  Quarterly 
Report  of  the  Mining  Department  of  Victoria  for  December,  1888, 
concerning  which  Mr.  Rickard  says  (page  527) :  "  Had  it  come 
under  my  notice  previous  to  going  to  Sandhurst,  I  should  have  been 
spared  much  of  the  difficulty  which  I  experienced  before  the  true 
nature  of  the  deposits  became  manifest." 

Mr.  Dunn  is  not  satisfied  with  this  acknowledgment,  and  has 
addressed  to  me  a  letter,  claiming  that  he  personally  furnished  to 
Mr.  Rickard  much  information  as  to  the  series  of  anticlinals,  the 
true  nature  of  the  saddle-reefs,  the  difference  between  the  bed- 
ding and  the  cleavage-planes,  etc. ;  that  he  explained  the  problem 
to  Mr.  Rickard,  and  corrected  the  views  of  the  latter;  and  that  the 
records  and  plans  of  the  Underground  Survey  Office  were  also 
placed,  by  the  late  £.  T.  Brown,  at  Mr.  Rickard's  disposal,  a  ser- 
vice which  should  have  been,  but  was  not,  acknowledged  in  the 
paper. 

Mr.  Rickard  informs  me  that  these  statements  are  well-founded, 
and  requests  me  to  disavow  on  his  part  all  intention  to  withhold 
from  Mr.  Dtmn  the  credit  he  deserves.  This  disclaimer  is  made  by 
me,  instead  of  Mr.  Rickard,  because  I  am  responsible  for  the  final 
form  of  his  paper,  which  I  edited  for  publication,  and  (in  view  of 
its  great  length)   freely  condensed.    Exactly  what  I  cut  out  as 
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superfluous^  I  cannot  now  recall ;  but  I  remember  that  the  manu- 
script was  filled  to  an  extraordinary  extent  with  personal  ac- 
knowledgments, and  that  I  thought  one  apiece  was  enough.  I  con- 
fess^ it  still  appears  to  me^  that,  afler  the  plain  mention  of  Mr. 
Dunn  as  "a  noteworthy  exception"  to  writers  on  Bendigo,  in  having 
published  the  first  correct  statement  of  the  relations  of  its  gold-de- 
posits, it  was  scarcely  necessary  to  add  that  he  had  also  made  the 
same  statement  verbally,  at  a  later  day.  The  greater  credit  includes 
the  less.  If,  acting  under  that  impression,  I  omitted  phrases  from 
Mr.  Rickard's  manuscript  which  would  have  pleased  Mr.  Dunn,  I 
accept  the  blame,  and  trust  he  will  accept  this  reparation. — R.  W,  R. 


INDEX. 


[Note. — In  this  Index  the  names  of  the  authors  of  papers  and  of  contribntors  to 
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references,  giving  but  little  information/ are  asaally  Indicated  by  bracketed  page 
nnmbers.] 


Acreilins,  on  early  iron-mining  in  New  Jersey,  216. 

Adams,  W.  H.  :  The  Fint  Iron  Blart^Fumaeet  in  America  [Ivii],  196. 

Aestsen,  GUILLIA.EM,  remarks  in  discassion  of  Prof.  Langley's  paper  on  alaminum 
in  steel  ingots,  241. 

Air-compressor  for  liziviation-plant,  13. 

Air-stirring  in  precipitating-tanks  at  Marsac  mill,  Park  City,  Utah,  7. 

Alexander,  J.  S.,  on  Indiana  "  block-coal "  [165]. 

AUgemeine  Elektriciiatagetellachafiy  electric  mine-locomotive,  356  et  teq, 

Allison,  Robebt,  remarks  in  discassion  of  Mr.  Norris's  paper  on  oentriftigal  ventila- 
tors, 672. 

Alluvial  Tin'Deposit8  of  Siak,  Sumatra  (Rolkeb)  [Iviii],  50,  "771. 

Alnminum:  beneficial  effects  on  steel  ingots,  233;  qnantity  employed  for  open- 
hearth  and  Bessemer  steel,  234  ei  seq. ;  snbstitated  for  manganese  in  steel,  237 ; 
theories  to  account  for  its  effect  on  steel,  236. 

Aluminum  in  Steel  Ingots  (Lanolby)  [Ivii],  233. 

American  Blaet-Fumace  Practice  (A  discassion  saggested  by  Mm  Gkiyley's  paper  on 
the  development  of  American  blast-famaces,  TVatu.,  ziz.,  932)  [Ivii],  255. 

American  Manganese  Go.,  Grimora,  Va.,  46. 

Amphibole  in  Sumatra  [60]. 

Analyses  of:  *'  Aluminum  physic"  used  in  preparation  of  Mitis  casting,  249. 
Cinder  (see  slag). 

Iron-ores:  United  States:  New  York:  Putnam  county,  Croton  magnetic,  115, 
604 ;  concentrates  of,  606,  609 ;  Tilly  Foster,  tails  from  magnetic  concentration, 
610;  North  Carolina:  183,  184,  185;  Penneplvania :  Montour  county;  Danville, 
"  bird-eye,"  374 ;  block-ore,  374;  fossil -ores,  373,  374;  Virgmia:  186,  187;  Bed- 
ford coanty,  Davis  mill  section,  180 ;  Franklin  county,  Clark  mines,  176 ;  **  gos- 
san "-ore,  212;  Wythe  county.  Brown  Hill  section  (brown),  178.  Otheb  Coun- 
tbibs:  Cajiada:  Ontario,  Belmont,  173. 
Mitis  steel,  248. 
Pig-iron,  249,  314. 

Slag:    at  Croton  iron-mine,  Putnam  county,  N.  Y.,  120,  122;    puddle-  and  re- 
heating-, 386 ;  from  tin-ore  smelting,  Indian  Archipelago,  81. 
Steel ;  Croton  magnetic  iron -mine,  Putnam  county,  N.  Y.,  118  ei  teq. 
Tin -ores,  Kong  Loon  mines,  Malay  peninsula,  81. 

Andover  blast-furnace,  Sussex  county,  N.  J.  [216]. 

Andover  iron-mine,  Sussex  county,  N.  J.  [222]. 

Animas  silver-mine,  Honduras,  C.  A.,  395. 
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Anthracite :  preparation  and  ntilization  of  small  sizes  of,  613,  628 ;  osed  in  meltei's 
faraace,  Peking,  China,  95. 

Anthracite  waste,  gasification  of,  in  producers,  625. 

Antrim  Iron  Co.,  Mancelona,  Antrim  county,  Mich.,  272. 

Apollo  Iron  and  Steel  Co.,  Pittsburg,  Pa.  [237]. 

Apparatus:  for  circulating  extra  solution  for  lixiviation-plant,  11;  for  handling  in- 
gots and  moulds  in  Bessemer  steel -works,  351 ;  for  handling  iron  and  steel  plates, 
347;  for  heating  stock-solution  at  Marsac  mill,  Park  City,  Utah,  8;  for  iacreaa- 
ing  the  rate  of  lixiyiation,  10;  for  raising  stock -solution  to  storage-tanks,  8. 

Apparatus  for  ih^  ManipviAiion  of  Iron  and  Steel  Plates  During  (he  Process  of  FiniMmg 
(Curtis)  [Ixiv],  347. 

Aragon  iron-mine,  Menominee  range,  Mich.,  188. 

Arc- welding,  electric :  249 ;  Bernardos  process,  260;  Coffin  process,  250. 

Argand  steam-blower,  628  et  seq, 

Arkansas  Valley  Oil  and  Land  Co.,  443. 

Arnold,  Prof.  J.  O.,  on  aluminum  in  steel  ingots  [238]. 

Artesian  water,  flow  of,  from  Dakota  sandstones,  Florence  oil-fleld,  Colo.,  453. 

Aspen,  Colo.,  electric  power-transmission  at,  318. 

Aspen  Mining  and  Smelting  Co.,  Aspen,  Colo.,  silver  mines,  316. 

Asphaltic  covering  for  iron-castings  and  pipes,  14. 

Asphalt  in  Dakota  sandstones,  Colo.,  445. 

Assays  of:  bullion  from  Mount  Morgan  gold-mine,  Queensland,  151;  gold-ore,  333, 
334. 

Associates :  election  of,  lix,  Ixvii ;  made  members,  Ixvii. 

Australia:  first  discovery  of  gold,  463 ;  Queensland ;  gold-mines,  133;  Victoria;  Ben- 
digo  gold-field,  463. 

Avondale  coal-mine,  Plymouth,  Luserne  county,  Pa.  [658]. 

Baker  iron-mine,  Morris  cpnnty,  N.  J.  [222]. 

Ballarat  gold-mining  district,  Victoria,  Australia,  469  et  seq. 

Baltimore  tunnel  colliery,  Wilkes-Barre,  Pa.  [648]. 

Banca,  island  of,  Indian  Archipelago,  tin-mines  at,  50  et  seq. 

Banner  ore-bank  (magnetite),  Stokes  connty,  N.  C,  184. 

Basic  Bessemer  Blag,«value  of,  as  fertilizer,  385. 

Bassick  gold-  and  silver-mine,  Custer  county,  Colo.  [146]. 

Becky  Nelson  ore-bank  (magnetite),  Stokes  county,  N.  C,  184. 

Bell  and  Rector  stamp-mill,  Honduras,  C.  A.,  406. 

Bellevue  fan,  658,  675. 

Bell,  Sir  Lowthian,  on  chemical  phenomena  of  iron-smelting  [279]. 

Belmont  Bessemer  Ore  Co.,  Ontario,  Can.,  174. 

Belmont  iron-mine  (magnetite),  Peterboro,  Ontario,  Clan.,  172. 

Bendigo  Oold-Fidd  (Bigkabd)  [Ixiv],  463,  772. 

Bend i go  gold-field,  Victoria,  Australia:  deep-mining  at,  538;  description  of,  466;  ge- 
ology of,  475;  mine-management,  529;  quartz  reeft  of,  478;  ripple-markings  at, 
522;  statistics  of  production,  470;  underground  phenomena  at,  498. 

Benton  formation  in  Florence  oil-field,  Colo.,  449. 

Bernardos  process  of  electric  arc-welding,  250. 

Bessemer,  Sir  Henry,  letter  accompanying  gift  of  his  portrait  to  the  Am.  Society  of 
Mechanical  Engineers,  xx. 

Bessemer  steel-works,  apparatus  for  handling  ingots  and  mould  in,  351. 

Betty  Baker  copper-mine,  Carroll  county,  Va.,  214. 

Beuthen,  Upper  Silesia,  Germany,  coal-mines.  356. 

Billeton,  island  of,  Indian  Archipelago,  tin-mines  at,  50  et  seq. 

Biotite  in  Sumatra  [60]. 

"  Bird-eye  "  iron  ore,  Danville,  Pa.,  372. 
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BiBKiNBiNB,  John  :  The  Fuel'8upply  of  the  United  States  (Preeidential  address  at  Glen 
Summit)  [Ixii],  409;  remarks  in  discnssion  of  American  blast-furnace  practice, 
266,  277;  of  Hr.  Keep's  paper  on  manganese  in  oast-iron,  315;  of  magnetic  con- 
centration of  iron-ore,  595 ;  of  Prof.  Smock's  paper  on  iron-mining  in  New  Jersey, 
224,  225,  227;  report  on  Croton  iron-mines  [603J. 

Blake  crusher  [387]. 

Blanco  silver-mine,  Honduras,  C.  A.,  405. 

Blast:  effect  of  hot,  on  silicon.  259;  temperature  of,  in  iron  blast-furnace,  258;  unit 
in  iron  blast-Aimace,  257. 

Blast-furnace  practice:  American,  255;  blowing-in  of  large  fdrnaoes,  262  et  eeq,;  ex- 
periments on  gases,  280. 

Blast-furnaces:  first  iron,  in  America,  205;  fuel-consumption  in,  255  et  eeq.;  relation 
between  size  and  product,  274  e<  ceg. ;  thickness  of  roof  and  walls,  227 ;  use  of 
magnetic  concentrates  in,  584  et  eeq. 

Blabt-Fubnaces  of  the  United  States:  Alabama:  Colbert  county,  Hattie,  270; 
Jefferson  county,  Ensley,  Tennessee  Coal  and  Hallway  Co.,  257 ;  Colorado :  Lake 
county,  Leadville,  Harrison  Reduction  Works,  167;  Idaho:  Washington  county, 
Mineral,  matting  silver-ore  in,  545;  IlHnoie:  Cook  county,  Illinois  Steel  Co., 
South  Works,  286  et  eeq. ;  Union  works,  281  et  eeq. ;  Michigan :  Antrim  county, 
Mancelona,  Antrim,  272;  Wayne  county,  Detroit,  Union  Iron  Co.,  274:  Mieeouri: 
St.  Louis,  Western  Steel  Co.,  Jupiter,  967;  ^010  Jereey:  Burlington  county.  Mount 
Holly  [216] ;  Hudson  county,  Secaucus  [592] ;  Morris  county,  Charlotteburg 
[216] ;  Stirling  [216] ;  Sussex  county,  Andover  [216] ;  Warren  county,  Oxford,  216 
et  eeq. ;  New  York:  Essex  county.  Port  Henry,  277,  599;  Oneida  county,  Franklin 
Iron  Co.,  261;  Ohio:  Cuyahoga  county,  Cleveland  Boiling  Mill,  256;  Jefferson 
county,  Steuben ville,  256 :  Mahoning  county,  Youngstown,  Brown,  Bonnell  and 
Co.,  273;  Penneylvania :  Allegheny  county,  Edgar  Thomson,  262  et  eeq.;  Pitts- 
burgh, Isabella  [256],  273;  Bucks  county,  Durham  [274] ;  Dauphin  county.  Steel- 
ton,  Pennsylvania  Steel  Co.  [228] ;  Lackawanna  county,  Lackawanna  Iron  and 
Coal  Co.,  585;  Mifflin  county,  Emma,  269;  Montgomery  county,  Pottstown  Iron 
Co.,  584;  Pottstown,  Warwick,  588;  Virginia:  Page  couoty,  Catherine  [206];  Pu- 
laski county,  Pulaski,  212.  Otheb  Countbies  :  C^tiia :  Mongolian  silver-mines, 
93. 

Blauvelt,  W.  H.  :  The  UlUuatian  of  Anthracite  Wasteby  Oaeifieation  in  Producers  [Ixiii], 
625. 

Blue  Bidge,  Va. :  brown  ores  of,  211 ;  ruins  of  old  furnaces,  211. 

Board  iron-mines,  Passaic  county,  N.  J.  [222]. 

Boilers  for  lixiviation  plant,  13. 

Bolts,  method  of  fastening  castings  and  flanges  to  tanks  by,  14. 

Boring  for  tin-ore  in  Indian  Archipelago,  77. 

Bowden,  J.  H.:  Tandem  Tanks  for  Hoisting  Water  from  Flooded  Slopes  [Ixiv],  343. 

Boxes  for  chemicals  for  lixiviation-plant,  6. 

BoYEB,  Jbbome  L.,  remarks  in  discussion  of  preparation  of  small  sizes  of  anthracite, 
622. 

Bbidoman,  H.  L.  :  A  New  System  of  Ore-Sampling  [Ixiv],  416. 

Briquettes,  preparation  of,  in  Imperatori  process,  115, 127. 

Brock,  B  A.,  establishment  of  the  iron  industry  in  Virginia,  196. 

Broken  Hill  silver-deposit,  New  South  Wales,  149. 

Bbown,  Alexandeb  E.,  remarks  in  discussion  of  American  blast-furnace  practice, 
276,  277. 

Brown,  Bonnell  and  Co.,  blast-furnaces,  Toungstown,  Ohio,  273. 

Bbown,  Fayette,  remarks  in  discussion  of  American  blast-furnace  practice,  273. 

Brown  Hill  iron-mines,  Wythe  county,  Va.,  177. 

Brunton,  D.  W.,  on  mechanical  ore-sampling  [160]. 

Bubt,  Lee,  remarks  in  discussion  of  American  blast-furnace  practice,  274. 
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Batte,  Mont.,  trouble  with  ipji^^ons  gnlphuroos  gases  at,  336. 

Byram  iron-mine,  Morris  coanty,  N.  J.  [222]. 

Byrd,  Colonel,  on  flrst  iron  blast-furnaces  in  Virginia,  200  et  $eq. 

Cable-transfer  for  railroad-cars,  766. 

Calcium,  precipitation  of,  by  sodium  sulphide  solution,  23. 

California  silver-mine,  Honduras,  C.  A.,  395. 

Cameron  coal-mine,  Shamokin,  Pa.  [660]. 

Campbsli*,  H.  H.,  remarks  in  discussion  of  his  paper  on  physical  and  chemical 
equations  of  the  open-hearth  process  ( Trans,  xix.,  128),  229. 

"  Camp-fire"  reception  given  by  Qen.  Paul  A.  Oliver  at  Laurel  Bun,  October  8,  1891, 
Izviii. 

Cation  City  Oil  Co.,  Colo.,  oil-wells,  446. 

Capacity  of  electric  plant  at  silver-mines  of  Aspen  Mining  and  Smelting  Co.,  Aspen, 
Colo.,  320. 

Capell  fan,  652  ef  Mg. 

Carbon  Iron  Co.,  Pittsburgh,  Pa.  [684]. 

Carbon,  percentage  of,  in  steel,  at  Croton  magnetic  iron-mine,  Putnam  county,  N.  Y., 
128. 

Carlin  ore-bank  (magnetite),  Stokes  county,  N.  C,  185. 

Carnegie,  Phipps  &  Co.,  Pittsburgh,  Pa.,  350. 

Cascade  sandstone  in  Sumatra,  58. 

Cassit-erite  in  Sumatra  [63,  65]. 

Cast-iron,  cause  of  gray  color  of,  292. 

Catasauqua  Iron  Co.,  Lehigh  county.  Pa.,  731,  771. 

Catherine  furnace.  Page  county,  Va.  [206]. 

Cazik,  F.  M.  F.,  remarks  in  discussion  of  preparation  of  small  sizes  of  anthr&cile, 
621. 

Centennial  (Squire's)  iron-mine,  Passaic  county,  N.  J.  [222]. 

Central  copper-mine,  Keweenaw  county,  Mich.,  use  of  looked-wire  rope  hoists  at, 
770. 

Charcoal  blast-furnace,  recent  practice,  259. 

Centnfugal  Ventilators  (NosRis)  [Ixiii],  637. 

Charge:  for  chlorination  at  Mount  Morgan,  Queensland,  152;  details  of,  in  open- 
hearth  at  Croton  magnetic  iron-mine,  Patnam  county,  N.  T.,  118  et  teq. 

Charlotteburg  iron-mine  and  blast-furnace,  Morris  county,  N.  J.  [216]. 

Charter  Towers  gold-mining  district,  Queensland,  133. 

Chateaugay,  Franklin  county,  N.  Y.,  concentrates  of  iron-ores,  585,  592. 

Cherry  Tree  ore-bank  (magnetite),  Stokes  county,  N.  C,  184. 

Chestnut  knob,  Henry  county,  Va.,  iron-ore  deposits,  180. 

Chinese  Silver-Mining  in  Mongolia  (Dawes)  [Iviii],  88. 

Chinese  SyHem  of  Gold- Milling  (Louis)  [Ixiv],  324. 

Chlorination-works,  Mount  Morgan,  Queensland,  150. 

Clark,  C.  M.,  analysis  of  iron-ore  (magnetite),  Bocky  Mount,  Va.,  176. 

Clark  iron-mines,  Bocky  Mount,  Franklin  county,  Va.,  175. 

aeveland  rolling  mills,  Ohio,  240,  256. 

Clinton  Slate,  Montour  county.  Pa.,  369. 

Coal :  in  Honduras,  406 ;  lump-coal  from  Bouse,  Huerfano  county,  Colo.,  167 ;  pea- 
coal  from  Sunshine  mines,  Gkirfteld  county,  Colo.,  168;  in  Sumatra  [52]. 

Coal-mines :  United  States  :  Colorado :  Garfield  county.  Sunshine  (semi-bituminoos), 
168 ;  Pennsylvania :  Fayette  county,  Morewood  [655]  ;  Luzerne  county,  Avondale 
[a58] ;  Baltimore  tunnel  [648] ;  Dorranoe  [655] ;  Empire  [&52,  667] ;  Henry  [656] ; 
HoUenback  [653] ;  Stanton  [650] ;  Susquehanna  Coal  Co.'s,  641  et  seq. ;  Northum- 
berland county,  Cameron  [650] ;  Schuylkill  county.  Packer  No.  5  [658].  Othbs 
Countries:  China:  Tung  Shang  [96];    OervMny:   Osnabruck,    Schledehausea 
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621;  Saxony,  Zaukeroda,  356  et  seq.;   Upper  Silesia;    Beuthen,  Consolidated 
Paulas  and  HohenzoUern,  356  et  »eq. ;  Oottessegen,  368 ;  Bichterschacht  L,  357. 

Goal  production  in  United  States  in  1890,  412. 

Cockerton  mining  concession,  Honduras,  C.  A.,  406. 

Cocks,  Pratt-Cady,  Bower-Barffed,  13. 

Coffin  electric  arc-welding  system,  250. 

Coke:  Pennaylvania :  Connellsville,  257 6( aeg.,  545 ;  Walston,257;  Virginia:  Pocahon- 
tas, 257  e(  9eq. ;  Wnt  Virginia  :  New  River,  257  et  $eq. 

Coke-consumption  in  English  iron  blast-furnaces,  261. 

Cole,  B.  C,  remarks  in  discussion  of  Prof.  Langley's  paper  on  aluminum  in  steel  in- 
gots, 240. 

Colorado,  Fremont  county,  Florence  oil-fleld,  442. 

Colorado  Smelting  Co.,  Pueblo,  Colo.,  170. 

Compound  Plunger  Hffdrauiie  Pump  (Woakjes)  [Ivli],  108. 

Comstock  bullion  sulphurized  in  east-iron  kettle,  40. 

Concordia  Qold  Mining  Co.,  Honduras,  C.  A.,  406. 

Connellsville  coke,  257  et  eeq, 

Conetruction  ofDetaiUfor  a  Modem  Lixiviation  Plant  (STEnensiDT)  \\vi\],  8. 

Contracts:  between  "office-men"  and  ''head-men"  at  silver-mines,  Mongolia, 
China,  89 ;  general  form  of,  with  Chinese  miners,  68. 

Cook,  Edgar  S.,  on  magnetic  concentration  of  iron-ore,  588. 

Copper-mines:  United  States  :  Michigan:  Keweenaw  county.  Central,  770 ;  Tenne$- 
tee:  Polk  county,  Duck  town  [214] ;  Virginia:  Carroll  county,  Betty  Baker,  214. 
Otheb  Countries  :  Germany :  Saxony,  Mansfeldt,  380. 

Copper-silver  matte,  process  for  roasting,  40. 

Cord-wood  in  the  Matting  Blatt-Fumaee  (Lano)  [Ixiv],  545. 

Cornwall  iron-ore  deposit,  Lebanon  county,  Pa.  [224]. 

Corse,  M.  B.,  analyses  of  iron-ore  (magnetite),  Franklin  county,  Va.,  176, 178, 180. 

Cost:  of  boring-tools  at  Singapore,  77;  comparison  of,  between  the  Imperatori  and 
Martin-Siemens  process,  129 ;  of  generating  electricity  for  power- transmission  at 
Asi>en,  Colo.,  322 ;  of  labor  for  ore-sampling  by  machinery,  440 ;  of  magnetic  con- 
centration at  Croton  iron-mine,  Putnam  county,  N.  Y.,  608 ;  of  mining  at  Dan- 
ville iron-mino;  Pa.,  384;  of  smelting  tin-ores  in  Indian  Archipelago,  81 ;  of 
smelting  tin-ores  at  Singapore,  Straits  Settlements,  80;  of  tramming  with  elec- 
tric motors  in  German  coal-mines,  365;  of  transportation  of  tin  in  Siak  district, 
Sumatra,  55. 

Coze  Bros.  A  Co.,  Drifton,  Pa.,  ventilating  fans  in  coal-mines  of,  663. 

CoxE,  EcKLEY  B. :  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  structural 
wrought-iron  and  steel,  710;  of  Mr.  Norris's  paper  on  centrifugal  ventilators, 
670;  of  preparation  of  small  sizes  of  anthracite,  613,  619;  on  use  of  plummet- 
lamp  in  underground  surveying  [103]. 

Cranberry  iron-mines,  Mitchell  county,  N.  C.  [179],  224. 

Croton  magnetic  iron-mine,  Putnam  county,  N.  Y. :  575  et  »eq. ;  analysis  of  iron-ore. 
115;  analyses  of  slag,  120, 122:  details  of  charges,  118  et  aeq. ;  experiments  with 
Imperatori  process  at,  111 ;  high  percentage  of  sulphur  in  .ores  of,  115;  magnetic 
ooncentracion  at.  603. 

Crown  Point,  Essex  county,  N.  Y.,  concentrates  of  iron  ores,  585. 

Croydon  gold-mining  district,  Queensland,  133. 

Culm-banks,  fuel  in,  in  Pennsylvania,  615,  627. 

Culm,  carbon  of,  converted  into  producer-gas,  62.5. 

Curtis,  Gbah:  Apparaiuefor  (he  Manipulaiion  of  Iron  and  Steel  Plates  During  the  Pro- 
cess of  Finishing  [Ixivit  3^7;  The.  HandUng  of  Ingots  and  Moulds  in  Bessemer  Slee^ 
Works  [Ixiv],  351. 

Cnsihuiriachlc  silver-mill,  Chihuahua,  Mexico,  29. 

Cuyal  silver-mine,  Honduras,  C.  A.,  402. 

Cyclone  pulverizer,  386  et  seq.,  589. 
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Daggett :  on  deeanting-pipes  [7] ;  on  press-tanks  [12]. 

"  Daintree's  desert "  sandstone,  Queensland,  135, 146. 

Dakota  formation  in  Florence  oil-field,  Colo.,  448. 

Dalrymple  iron-mine,  Morris  county*  N.  J.  [222]. 

Danville  iron-mines,  Montonr  county.  Pa.,  present  condition  of^  374. 

Danbnry,  St<^es  county*  N.  C,  magnetic  iron -ores,  181. 

Davis-Colby  ore-roasters,  605. 

Davis  Mill  Section,  Va.,  iron-ores,  179. 

Dawes,  H.  F.  :  Chinese  Silver-Mining  in  Mongolia  [Iviii],  88. 

Dean,  Georob  A.,  remarks  in  discossion  of  American  blast-fornace  praotiee,  267. 

268,277. 
Decanting-pipes  for  lixiriation -plant,  7. 
Dedication  ef  the  Holley  memorial,  xvii. 

Delaware  and  Hudson  Cbnal  C4>.,  ventilati&g  fans  in  mines  of,  648  eiteq, 
Delaware,  Lackawanna  and  Western  B.  B.  Co.,  ventilating  fans  in  coal-mines  of,  658. 
Determination  of  Iron  in  the  Taila  from  Magneiie  Concentration  (IaANDIS)  [Ixii],  609. 
Devonian  formation  in  Virginia,  97. 
Dickerson  iron^mineii  Morris  county,  N.  J.,  215  ei  $eq. 
Dimensions  of  lixiviation-tanks,  4. 

Direct  Detenninatimi  of  Aluminum  in  Iron  and  Sted  (Drown  and  McKenna  [Iviii],  242, 
Disaster  in  welding-works  near  Essen,  Germany,  85. 
Dodge  breakers  [395] 
Dodge  fan,  663,  675. 

Dolores  silver-mine,  Honduras,  C.  A.,  40?.  « 

Dorrance  coal-mine,  Wilkes-Barre,  Pa.  [655]. 

Dos  Hermanos  Mining  and  Milling  Co.,  Honduras,  C.  A.,  gold-  and  silver-mines,  401. 
Do  WD,  Edward,  remarks  in  discussion  of  American  blast-furnace  practice,  270. 
Dredge^  J>asie8,  Holley  memorial  address  by,,  xiz. 
Drills:  diamond,  used  for  prospecting  at  Bendigo  gold-field,  Australia,  531 ;  electric 

diamond  prospecting,  322 ;  electric  percussion,  323. 
Drown,  T^ohab  M.,  and  McKenna,  Alex.  G.  :  The  Direct  Determination  of  ^{lunmicai 

in  Iron  and  Steel  [Iviii],  242. 
Drown,  T.  M.,  remarks  ia  discussion  of  magnetic  concentration  of  iron-ore,  582. 
Drying-cliamber  for  precipitates  at  Maraac  Mill,  Park  City,  Utah,  12. 
Duck  town  oopper-mines,  Polk  county,  Tenn.  [214]. 
Dudley,  C.  B.  :  remar]cs  in  discussion  of  Mr.  Hunt^s  paper  on  tests  of  stnictoral 

wroaght-iron  and  steel,  701 ;  of  magnetic  concentration  of  iron-ore,  580,  533. 
Dulang,  Chrinese,  used  in  gold- washing,  332, 
Durham  blast-far nace,  Biegelsville,  Bucks  county.  Pa.  [274]. 
DwiCkHT,  Arthur  S.,  remarks  in  discussion  of  Mr.  Neill's  paper  on  stone-coal  in  the 

lead  blast-furnace,  169. 

Edgar  Thomson  blast-furnaces,  Pittsburg,  Pa.,  262  et  »eq. 

Edison  concentrates  of  iron-ore,  585. 

Edison  iron- works,  Ogden^  Sussex  county,  N.  J.,  225w 

Egleston,  T.,  on  analysis  of  rocks,  579. 

Ehrenwertb,  Prof,  von,  experiments  at  Austrian  iron-werks,  112, 114. 

Eilers,  A.,  on  metallurgical  value  of  western  lignites  [166]. 

EiLERS,  Karl:  Electric  Loconwtivee  in  German  Mines  [Ixiii],  356  \  The  Manufacktre  ef 

Liquid  Sulphuroue  Acid  in  Upper  SUetia  [Ixiv],  336. 
Eldridge,  Geo.  H.  :    The  Florence  Oil-Fidd,  Colorado  [Ixii],  442. 
Election  of  members :  At  Cleveland,  June,  1891,.  Iviii ;  at  Glen  Summit,  October,  1391, 

Ixvi. 
Electrical  power  for  mining  operations,  recognized  advantages  of,  323. 
Electricity  applied  to  mining  machinery,  316. 
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Electricity  in  Miningy  m  Applied  hy  the  Aapen  Mining  and  Smelting  Company^  A»pen,  Colo., 

(Holt)  [lxiv],3l6. 
Electricity  in  Welding  and  Metal-Working  (Wood)  [Ivi],  249. 
Electric  Locomotivee  in  German  Mines  (Eilers)  [Ixiii],  356. 

Electric  mine4ocomotive,  357  etaeq. ;  Thomson- Van  Depoele,  capacity  and  size  of,  368. 
Electric  power-transmission  in  German  mines,  357. 
Electrolytic  deposition  of  metals,  experiments  in,  243. 
Elliot  locked-rope  cables,  769. 
El  Paso  silver-mine,  Honduras,  C.  A.,  405. 

Ely,  Theo.  K.,  on  specifications  for  testing  strncttiral  wronght-iron  and  steel,  709. 
Enifna  furnace,  Lewistown,  Pa.,  269. 
Empire  coal-mine,  Wilkes-Barre,  Pa.  [652,  667]. 
Ensley  blast-furnaces,  Ensley,  Ala.,  257. 
Errors  in  lixiviation,  16. 

Essen,  Germany,  disaster  in  welding-works  near,  85. 
Eureka  Extended  gold-mine,  Victoria,  Australia,  467. 
Eureka  gold-mine,  Honduras,  C.  A.,  401. 
Excursions  and  entertainments,  Ixix,  Ixviii. 
Experiments  on  blast-furnace  gases,  280. 
Experimente  m(h  the  Imperatori  Process  at  Croton  Magnetic  Mine,  New  York  (Nau)  [Iviii], 

111. 
Explosions  from  Unknown  Causes  (Qrkiis)  (discussion  of.  Mr.  Bayles's  paper,  Tram,  xix, 

18)  [Iviii],  85. 
Exports  of  tin  from  Indian  Archipelago,  82. 

Fans:  Bellevne,  658,  675;  Capell,  652  et  seq. ;  closed,  637  et  seq.;  Dodge,  663,  675; 

Guibal,  637  et  seq.;  Holden,  663,  675;  open-periphery,  637  et  seq. 
Faults :  481  et  seq. ;  crushed  quartz  in,  492 ;  selvage  in,  500. 
Febnow,  B.  E.  :  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  structural 

wrought-iron  and  steel,  701 ;  on  annual  consumption  of  wood  as  fuel  in  the 

United  States,  413;  on  government  timber  tests,  Ixii. 
Ferro-silicon,  use  of,  to  quiet  steel,  233. 
Fertilizer,  phosphate-slag  as,  584. 
Filter-press  and  preas-tank  for  lixiviation-plaut,  11. 
Filters  for  ore-tanks,  4. 
Fire-brick,  effect  of  freezing  on,  268. 
FiBMSTONE,  Fbank,  remarks  in  discussion  of  magnetic  concentration  of  iron-ore^ 

581. 
First  Iron  Blast- Furnace  in  America  (Adams)  [Ivii],  196. 
Fitzgerald,  E.,  on  American  blast-furnace  practice,  272. 

Fleming,  Harry  S.,  determination  of  manganese  and  silicon  in  cast-iron,  301,  314. 
Flipper,  H.  O.,  on  co-ordinate  snrveying,  749. 
Florence  Oil  Co.,  Colo.,  oil-wells,  446. 
Florence  OU- Field,  Colorado  (Eldridge)  [Ixii],  442. 
Flue-dust  from  concentrates,  583. 

Forge  :  Chinese,  for  melting  gold-ore,  333 ;  remains  of  early  forge  in  Virginia,  198. 
Formation  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queensland,  theories  of,  138. 
Fossils  in  Florence  oil-field,  Colo.,  449  et  seq. 
FoBTEB,  RUFUS  J. :  The  Use  of  the  McClave  Orate  and  Argand  Steam-BUmer  in  Uliliging 

Small  Sizes  of  AnthracUej  or  Bituminous  Slack,  in  Boiler  and  Similar  Furnaces  [Iziii], 

628. 
F(mqu6  process  of  chemical  and  mechanical  analysis,  579. 
Fox  Hills  formation  in  Florence  oil-field,  Colo.,  451. 
Franklin  gold-mine,  Victoria,  Australia,  472. 
Franklin  Iron  Manufacturing  Co..  Oneida  county,  N.  Y.,  261. 
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Frosty  valley  slope,  Danville  iron-mines,  Montour  county,  Pa.,  376. 

Frue  vanners  [395,  402]. 

Fuels :  comparison  of  economical  resalts  from  use  of  different  fuels  in  boUer-pUuit^ 

624 ;  consumption  in  blast-furnaces,  255  et  aeq. ;  consumption  of  all  kinds   in 

United  States  for  past  twenty  years,  412 ;  progress  of  twenty  years  in  the  economy 

of  production  and  consumption  of,  in  the  United  States,  409 ;  small  sicea  of,  in 

blast-furnace,  276. 
Fuel-S:upp1y  of  the  United  States  (Presidential  address-  at  Glen  Summit)  (BiRiUKBiKX) 

[Ixii],  409. 
Furnaces:  Elchhom-Ldebig  muffle-furnace,  338;  size  of  furnace-chamber  at  Moant 

Morgan,  Queensland,  152;  for  smelting  tin-ores  in  Indian  Archipelago,  81 ;  White 

mechanical  [405]. 

Garden  Gully  united  gold-mine,  Victoria,  Australia,  476  ei  teq. 

Gaa:  changes  in  composition  of,  during  blowing-in  of  blast-furnace,  281;  consump- 
tion of  natural  gas  in  the  United  States  in  1889,  411 ;  experiments  on  blast- far- 
nace  gases,  280;  in  melted  steel,  233,  235]  occurrence  of  natural  gas  in  Florence 
oil-field,  Colo.,  460. 

Gatal  »ilver-mine,  Honduras.  C.  A.,  405. 

Gates  crusher  [432]. 

Gauley  Mountain  Coal  Co.,  West  Va.,  use  of  locked-wire  rope  hoists  by,  770. 

Gayley  James,  remarks  in  discussion  of  American  blast-furnace  practice,  262. 

OeologiccU  Notes  oti  the  Manganese  Ore-Deposits  of  Crimora  Virginia  (Hall)  [Ivii],  46. 

Geology:  of  Bendigo  gold-field,  Victoria,  Australia,  475;  of  Florence  oil-field,  Colo.. 
448 ;  of  gold-mining  district,  3Ialacca,  324 ;  of  Montour  ridge  iron-district,  Pa. 
369 ;  of  Sumatra,  51  et  seq. 

Germanna,  Va.,  site  of  early  iron-works,  196  ei  seq. 

Germany:  disaster  in  welding- works  near  Essen,  85;  manufacture  of  liquid  sul- 
phurous acid  in  Upper  Silesia,  336. 

Geyser  pump,  9  et  seq. 

Geyser-theory  of  ore-deposit  at  Mount  Morgan  gold  mine,  Queensland,  139. 

Glbnn,  William  :  Sampling  Ores  Without  Use  of  Machinery,  [Iviii],  155. 

Glen  Union  Lumber  Co.,  Potteville,  Pa.,  766. 

<iold,  discovery  of,  in  Australia,  463. 

Gold-mines-:  Australia:  Queensland;  Monnt  Morgan,  133;  Victoria;  Eureka  Extended, 
467;  Franklin,  472 ;  Garden  Gully  United,  476  et  seq.:  Great  Extended  Hustlers, 
474,  512;  Johnson's,  506;  LanselPs  "180,"  475,  495;  Lansell's  ''222,"  490;  La*a- 
rus,  492;  New  Chum  Consolidated,  474,488;  New  Chum  and  Victoria,  494 ;  North 
Old  Chum,  494;  Old  Chum,  466  et  seq.]  Shenandoah,  486;  South  Bellevne,  467; 
South  New  Chum,  501 ;  Unity,  516 ;  Vi  ctory  and  Pandora,  482  etaeq. ;  Honduras, 
C.  A.:  Eureka,  401. 

Gold- and  silver-mines:  Horiduras,  C.  A.:  Guayabillas,  398;  Opoteca,  396. 

Gold-ores :  Australia :  Queensland ;  Mount  Morgan,  135 ;  Victoria ;  Bendigo  gold-field 
464,  5^1 ;  Malacca  :  Tomuh,  324. 

Gold -production  of  Mount  Morgan  gold-mine,  Queensland,  Australia,  133, 150,  4G8. 

(k)RDON,  Fred.  W.  :  remarks  in  discussion  of  American  blast-fumaoe  practice,  255 
on  extent  of  ore-deposit  at  Croton  iron-mines,  N.  T.,  603. 

Gottessegeu  coal-mine,  Upper  Silesia,  Germany,  368. 

G<>ve  iron-mine,  Morris  county,  N.  J.,  [222]. 

Graham,  Walter,  analysis  of  Virginia  iron-ore,  187. 

Grandfather  ore-bank  (magnetite),  Stokes  county,  N.  C,  183. 

(Jrates :  Howe,  [620] ;  McClave,  [617,  620,  623],  628. 

Gratz,  Austria,  experiments  at,  in  adding  carbon  to  pig-iron  bath,  114. 

Great  Extended  Hustlers  gold-mine,  Victoria,  Australia,  474,  512.     , 
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Grzen,  Geobqe  Soss:  Exploaums  from  Unknown  Cautea  (discussion  of  Mr.  Bayles's 

paper,  Trans.^  xix.,  18)  [Iviii],  85. 
Green  Pond  iron-mine,  Morris  connty,  N.  J.,  [222]. 
Grove  Slope,  Danville  iron-mines,  Montour  county,  Pa.,  376. 
Guachupulin  silver-mine,  Honduras,  C.  A.,  405. 
Guadalupe  Gold  and  Silver  Mining  Co.,  Honduras,  C.  A.,  399. 
Guadalupe  silver-mine,  Honduras,  C.  A.,  400. 
Gnasucaran  silver-mine,  Honduras,  C.  A.,  399. 
Guayabillas  gold-  and  silver-mines,  Honduras,  C.  A.,  398. 
Guibal  fan,  637  et  aeq. 

Gulick  iron-mines,  Morris  county,  N.  J.,  [221]. 
Gympie  gold-mining  district,  Queensland,  133. 

Hackney,  William,  on  manufacture  of  anthracite  coke  in  Wales,  [622]. 

Hadfleld,  R.  A.,  on  aluminum-steel,  [233, 238,  312,  315]. 

Haniscb  and  Schroder,  process  for  manufacture  of  liquid  sulphurous  acid,  336. 

Hairston  iron-mines,  Patrick  county,  Va.,  178. 

Hall,  Chables  £. :  Oeological  Notes  on  the  Manganese  Ore-Depoiita  of  Crimor<tt  Ftr- 

ginia,  [Ivii],  46. 
Handling  of  Ingots  and  Motdda  in  Bessemer  Steet-  Works  (Cubtib)  [Ixiv],  351. 
Hand-Telescope  for  Stadia- Work  (Richabds)  [Ixii],  732. 
Harrison  Reduction  Works,  Leadville,  Colo.,  167. 

Haetman,  John  M.,  remarks  in  discussion  of  American  blast-furnace  practice,  261. 
Hattie  furnace,  Sheffield,  Colbert  county,  Ala.,  270. 

Hawdon,  W.,  remarks  in  discussion  of  American  blast-furnace  practice,  260. 
Heats,  conduct  of,  at  Croton  magnetic  iron-mine,  Putnam  county,  N.  Y.,  116. 
Hedges  iron-mine,  Morris  county,  N.  J.  [221]. 
Helderberg  limestone  in  Virginia,  [97]. 
Helson,  C,  on  losses  of  iron  in  European  works,  126. 

Hennzno,  Gubtavus  C,  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  struc- 
tural wrought-iron  and  steel,  715,  771. 
Henry  Coal-mine,  Plains,  Luzerne  county,  Pa.,  [656]. 
HiBBARD,  Henby  D.  :  remarks  in  discussion  of  Mr.  Campbell's  paper  on  physical 

and  chemical  equations  of  the  open-hearth  process  {Trans.f  xiz.,  128),  227;  of 

Prof.  lAugley's  paper  on  aluminum  in  steel  ingots,  239. 
Hibernia  iron-mine,  Morris  county,  N.  J.,  215  et  seq. 
History  of  rocks  at  Mount  Morgan,  Queensland,  147. 
Hodges  process  for  roasting  copper-silver  matte,  40. 
Hoffman  magnetic  orerseparator,  606. 
Hoffman,  W.  H.  :   Practical  Resntts  in  the  Magnetic  Concentration  of  Iron-Ore,  [Ixii], 

602;  remarks  in  discussion  of  magnetic  concentration  of  iron-ore,  575, 582. 
Hohenzollern  coal-mine,  Beuthen,  Upper  Silesia,  Germany,  357. 
Holden  fan,  663,  675. 

Hollenback  colliery,  Wilkes-Barre.  Pa.  [653]. 
HoUey,  Alexander  L.,  Dedication  of  memorial  to,  xvii. 
Holt,  M.  B.  :  Electricity  in  Minifig,  as  Applied  by  the  Aspen  Mining  and  Smelting  Com- 

panyt  Aspen,  Colo,  [Ixiv],  316. 
Homestead  plate-mill,  Muuhall,  Allegheny  county.  Pa.,  350. 
Honduras,  C.  A.,  gold-  and  silver-mines,  395. 
Honduras  Gold  Co.,  Honduras,  C.  A.,  406. 
Howe  grate  [620]. 
Hunt,  Alfbed  E.  :  The  Tests  and  Bequirements  of  Structural  Wrought- Iron  and  Steel 

[Ixiii],  677. 
Hunt,  T.  Sterry,  on  Hocking  Valley  coal  [165]. 
Hurd  iron-mine,  Morris  county,  N.  J.,  222. 
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Hydranlio  pump,  compoand-plunger,  106. 

Hyposalphite,  loss  of,  in  lixiviatioD,  36. 

Hyposulphites  by  oxidation  of  sulphide  solutions,  economy  of  producing,  22. 

Hyposulphite  salts,  formation  of,  in  precipitation,  19. 

Ihlseng,  Prof.  M.  C,  report  on  oil-fields  of  Fremont  county,  Colo.  [443]. 

Illinois  Steel  Co.,  Chicago,  111.,  281. 

Imperatori  process,  experiments  with,  at  Croton  magnetic  mine,  Putnam  county,  N. 
Y.,  111. 

Incandescent-system  of  electric  welding  and  metal-working,  249 ;  used  at  Trenton 
Iron  Co.'s  Works,  Trenton,  N.  J.,  253. 

Ingots  and  Moulds  in  Bessemer  steel-works,  apparatus  for  handling,  351. 

International  Standards  for  the  Analyeii  of  Iron  and  Sted  (Lanoley;  (continuation  of 
paper,  Trane.,  xix.,  614)  [Ivii],  242. 

Iron :  castings  protected  by  asphal tic  covering,  14 ;  magnetic  susceptibility  of  fermgi* 
nous  minerals,  578  et  aeq. ;  is  protoxide  of  iron  magnetic?  580. 

Iron-breakers,  Drifton,  Pa.,  visit  to,  Ixviii. 

Irondale  iron-mine,  Morris  county,  N.  J.  [222]. 

Iron-mines :  United  Sta.te8  :  Michigan  :  Dickinson  county,  Menominee  range,  Armjpon, 
188;  New  Jersey:  Morris  county.  Baker  [222];  Byram  [222] ;  Charlottcbnrg  [216]: 
Dalrymple  [222] ;  Dickinson,  215  et  seq. ;  Oove  [222] ;  Green  Pond  [222] ;  Qalkk 
[221] ;  Hedges  [221] ;  Hibernia,  215  eteeq. ;  Hurd,  222;  Irondale  [222] ;  lAngdon 
[221];  Mount  Hope,  215  «t«09.;  Mount  Pleasant,  222;  Randall  Hill  [222] ;  Richard 
[222];  Squter's  [221];  Stoutenburgh  [222];  Snccasnnna  [217];  Swayze  [221]; 
Teabo  [222] ;  Weldon,  590;  Pftssaic  county.  Board  [222];  Centennial  (Squire*6l 
[222] ;  Bingwood,  215  et  eeq  ;  Andover  [222] ;  Ogden  [222],  586 ;  Warren  county, 
Kishpaugh  [221] ;  Lanning [222] ;  Pequest  [222];  Queen  [221]:  New  York:  Easex 
county,  Old  Bed,  577  et  »eq, ;  Port  Henry,  599;  Putnam  county,  Croton  (mag- 
netic), 111,  575 et  seq.;  Tilly  Foster,  582;  North  Carolina:  Mitchell  county,  Cran- 
berry [179],  224;  Stokes  county,  Banner,  184;  Becky  Nelson.  184;  Carlin,  185; 
Cherry  Tree,  184;  Grandfather,  1S3;  Isaac  Fagg,  1^5;  Langford,  ItM;  Nelson, 
182;  Pepper,  185;  Rodgers,  184;  Shropshire,  184;  Pennsylvania:  Montour  county, 
Danville,  369;  Virginia:  Allegheny  county,  Longdale,  96  et  seq.;  Franklin 
county.  Rocky  Mount,  Clark  (magnetite),  175;  Patrick  county,  Hairston,  178; 
Wythe  County,  Brown  Hill,  177.  Othbb  Countbibb:  Canada :  Ontario,  Belmont 
(Magnetite),  172. 

Iron-mining  in  New  Jersey :  early  history  of,  215 ;  fluctuations  in,  220. 

Iron  Mountain,  St.  Francis  county.  Mo.,  iron-ore,  257. 

Iron  ocher  in  Sumatra  [60]. 

Iron-ores:  magnetic  concentration  of,  575;  Localities:  Connecticut:  Litchfield 
county,  Salisbury  [224].  Missouri:  Iron  county,  Pilot  Knob,  257;  St.  Francis 
county.  Iron  Mountain,  257.  New  Jersey:  Morris  county.  132;  Northern  High- 
lands (magnetic),  215.  New  York:  Essex  county,  New  Bed,  600;  Old  Bed,  577. 
600;  Port  Henry,  .583.  599;  Lake  Champlain  district.  224;  Putnam  county  (mag- 
netic), 115.  North  Carolina:  Stokes  county  (magnetite),  174;  Danbnry  (mag- 
netic, hard,  soapstone,  and  sand -ore)  182.  Pennsylvania :  Lebanon  county  [224] ; 
Montour  county,  Danville,  370.  llrginia:  Allegheny  county,  96;  Amhent 
County  (magnetic)  [176]  ;  Bedford  county,  Davis  Mill  section  (magnetic),  179: 
Campbell  county  (magnetic)  [176] ;  Franklin  county.  Rocky  Mount  (magnetic) 
175 ;  Henry  county  (magnetic),  174 ;  Louisa,  Spottsylvania  and  Stafford  counties 
(brown  ores).  196;  Patrick  county,  Stewart's  Knob  pection  (magnetites),  178; 
Wythe  county.  Brown  Hill  section  (magnetite  and  brown  hematite),  177. 
Canada:  Ontario,  Peterboro  (magnetite),  172. 

Iron-works:  New  Jersey:  Monmouth  county,  Tinton  Falls  [216];  Sussex  county, 
Edison,  225;  experiments  at,  in  Austria,  114:  experiments  at,  in  Sweden,  114. 
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'  Isaac  Fagg  iron-mine  (magnetite),  Stokes  oonnty,  N.  C,  185. 
Isabella  furnace,  Pittsburgh,  Pft.  [255],  273. 

Jigs,  Lubrig  [617]. 

Johnson :  filter-press,  11 :  method  of  connecting  mbber-hose  with  gas-pipe  nipples, 

14. 
Johnson,  Guy  B.  :  Methods  of  Working  and  Surveying  (he  Minea  of  the  Longdale  Iron 

Company,  Virginia  [Iviii],  96. 
Johnson,  J.  £.,  remarks  in  discussion  of  American  blast-famace  practice,  265. 
Johnson's  gold-mine,  Victoria,  Australia,  506. 
Joliet  Steel  Works,  Joliet,  III.,  256. 

Jones,  Clemens,  remarks  in  discussion  of  magnetic  concentfation  of  iron-ore,  593. 
JoNEB,  T.  D.,  remarks  in  discussion  of  Mr.  Norris's  paper  on  centrifugal  ventilators, 

671. 
Jupiter  furnace,  St.  Louis,  Mo.,  257. 

Keep,  W.  J. :  Manganese  in  Cast-Iron  [Ivii],  291;  remarks  in  discussion  of  Prof.  Lang- 
ley's  paper  on  aluminum  in  steel  ingots,  241;  on  influence  of  aluminum  in  cast- 
iron  [233]. 

Kelly,  William  :  Sinking  Through  Wet  Qratdand  Quicksand  near  Norway,  Mich.  [Iviii], 
188. 

Kennedy,  Hugh,  remarks  in  discussion  of  American  blast-furnace  practice,  265, 
268,273. 

Kennedy,  Julian:  remarks  in  discussion  of  American  blast-furnace  practice,  267, 
274 ;  of  Mr.  Keep's  paper  on  manganese  in  cast-iron,  315. 

Kent,  William  :  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  structural 
wrought-iron  and  steel,  700 ;  of  magnetic  concentration  of  iron-ore,  581,  586. 

Kilns  for  roasting  silver-ore  at  Chinese  mines,  93. 

Kirkaldy  on  tests  for  structural  wrought>iron  and  steel,  683  et  aeq.,  723. 

Kishpaugh  iron-mine,  Warren  county,  N.  J.  [221]. 

Kitchell,  Dr.  William,  report  on  the  iron-mines  of  New  Jersey,  217. 

Knapp,  Qeoboe  F.,  remarks  in  discussion  of  magnetic  concentration  of  iron-ore, 
583. 

Knowles  pump,  8  et  seq.f  188  et  seq. 

Kocff,  Walteb  E.,  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  structural 
wrought-iron  and  steel,  713. 

Koerting:  plunger-pump,  9  et  seq. ;  steam-jet  ventilator  [41]. 

Kong  Loon  Kongsi  tin  mine,  Malay  Peninsula,  66. 

Kotta  Ranah  tin-mines,  Siak  district,  Sumatra,  55  et  seq.  • 

Krohm,  Prof.  R.,  on  tests  for  structural  steel  [723,  724]. 

Krom  steel  rolls  [152,  590]. 

Kunhardt,  W.  B.,  report  on  Croton  iron-mines  [596,  603]. 

Lackawanna  Iron  and  Coal  Co.,  blast-furnaces,  amount  of  concentrates  consumed  in, 

ooo. 
Lackawanna  Iron  and  Steel  Co.,  Scranton,  Pa.,  rolling-mills,  620. 
Ladders  in  silver-mines,  Mongolia,  China,  91. 
Lady  Ensley  Coal,  Iron  and  Railroad  Co.,  Sheffield,  Ala.,  270. 
Landis,  E.  K.  :  The  Determination  of  Iron  in  the  TaUsfrom  Magnetic  Concentration  [Izii], 

609;  Note  on  Sampling  Iron- Ore  Pxiij,  611;  remarks  in  discussion  of  magnetic 

concentration  of  iron-ore,  582. 
Langdon  iron-mine,  Morris  county,  N.  J.  [221]. 
Lanodon,  N.  M.  :  The  Use  of  Magtietic  Concentrates  in  the  Port  Henry  Blast-Fumaees 

[Ixii],  599;  remarks  in  discussion  of  magnetic  concentration  of  iron-ore,  683,  564. 
Langford  ore-bank  (magnetite),  Stokes  county,  N.  C,  184. 
VOL.  XX.— 60 
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Lang,  Hesbebt  :  Cord-  Wood  in  ihe  Matting  Bkut-Fumace  [Ixiv],  545. 

Langley,  John  W.  :  Aluminum  in  Steel  Ingots  [Ivii]  233 ;  International  Standarde  for 

the  Analyrie  of  Iron  and  Steel  (continuation  of  paper,  Trans.j  xix.,  614)  [Ivii],  242; 

remarks  in  discassion  of  Mr.  Keep's  paper  on  manganese  in  cast-iron,  314;  of 

Mr.  Wood's  paper  on  electricity  in  welding  and  metal-working,  252. 
Lanning  iron-mine,  Warren  county,  K.  J.  [222]. 
Lansell's  "  180  "  gold-mine,  Victoria,  Australia,  475,  495. 
Lansell's  ''  222 ''  gold-mine,  Victoria,  Australia,  490. 
Las  Planchas  silver-district,  Sonora,  Mexico,  740. 

Launders:  in  front  of  precipitating  tanks,  7;- for  solution  in  fh>nt  of  ore-tanka,  5. 
La  Victorina  silver-mine,  Honduras,  C.  A.,  402. 
Lazarus  gold-mine,  Victoria,  Australia,  492. 
Lead-ores,  growing  scarcity  of  Mexican,  in  the  West,  15. 
Lead-smelting,  perfection  of,  in  the  West,  15. 
Lebasteur,  on  testing  structural  steel  [723]. 
Ledonx  &  Co. ;  analyses  of  Croton  magnetic  iron-ore,  115 ;  analysis  of  slag  at  Croton 

iron-mine,  120. 
Ledyabd,  T.  D.,  remarks  in  discussion  of  his  paper  on  some  Ontario  magnetites 

( 2VaiM.,  xix.,  28),  173. 
Lee,  B.  W.,  remarks  in  discussion  of  American  blast-furnace  practice,  269. 
Lehigh  Valley  Coal  Co.,  ventilating  fans  in  coal-mines  of,  655. 
Lehigh  and  Wilkes-Barre  Coal  Co.,  Wilkes-Barre,  Pa.,  ventilating  &ns  at  HoUenback 

colliery,  653 ;  at  Stanton  colliery,  650. 
Lime  added  to  briquettes  in  Imperatori  process,  116.  * 
Little  River  concentrates  of  iron-ore,  585. 
Lixiviation-plant,  construction  of,  details  for,  3. 
Locked-wire  rope,  use  of,  766  et  teq, 
Locke  fall-rope  carrier,  767. 

Lode-theory  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queensland,  144. 
Logan  Lron  and  Steel  Co.,  Lewistown,  Mifflin  county,  Pa.,  269. 
Longdale  Iron  Co.,  Allegheny  county,  Va.,  96. 

Long-wall  method  of  mining,  Danville  iron-mines,  Montour  county.  Pa.,  378. 
Los  Angeles  Mining  and  Smelting  Co.,  gold-  and  silver-mines,  Honduras,  C.  A.,  395. 
Los  Chanchos  silver-mine,  Honduras,  C.  A.,  405. 
Losses  of  iron,  in  Imperatori  process,  126. 
Louis,  Henby  :  A  Chinese  System  of  Gold-MUling  [Ixiv]  324. 
Lovett-Finney  ore-separator,  [590]. 
Luhrig  jig,  [617]. 
Lykens  Valley  Coal  Co.,  Pa.,  ventilating  fans  at  collieries  of,  666. 

Mabery,  Prof.  C.  F.,  determination  of  manganese  and  silicon  in  cast-iron,  301. 
Machinery :  electric  mining,  318,  356  et  seq. ;  mining,  employed  at  Bendigo  gold-field, 

Victoria,  Australia,  471 ;  for  ore-sampling,  422. 
Magnetic  concentrates  in  Port  Henry  blast-furnaces,  Essex  oounty,  K.  T.,  599. 
Magnetic  concentration :  at  Croton  iron-mines,  Putnam  county,  N.  Y.,  603 ;  at  Edison 

works,  Ogden,  N.  J.,  225 ;  at  Tilly  Foster  iron-mine,  N.  Y.,  582 ;   at  Weldon 

iron-mines,  N.  J.,  590. 
Magnetic  Concentration  of  Iron-Ore  (A  discussion  held  at  Glen  Summit)  [Ixii],  575. 
Magnetic  ore-separators :  Hoffman,  606 ;  Lovett-Finney  [590]. 
Magnetic  oxide,  amount  required  to  eliminate  silicon  and  manganese  from  pig-iron, 

113. 
Magnetic   sands:  in  Canada,  132;  in  Stokes  county,  N.  C.  [186]   in  Sumatra  [63]; 

in  the  United  States,  132. 
Magnetite:  in  Ontario,  Can.,  172;  in  Virginia  and  North  Carolina,  174. 
Malacca  tin,  82. 
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Malay  Peninsnla,  tin -diggings,  51. 

"  Maltha  "  asphalt,  14. 

Manganese:  black  oxide  of,  in  Potsdam  sandstone  in  Virginia,  48;  capacity  of,  to 
hold  carbon,  292 ;  causes  slow  cooling  of  iron,  312;  not  hardened  by  sudden  cool- 
ing, 310 ;  percentage  of,  in  cast-iron,  reduced  by  remelting,  291 ;  shrinkage  in 
cast-iron  increased  by,  310. 

Manganese  in  Cast-iron  (Keep)  [Ivii],  291. 

Mansfield  copper-mine.  Saxony,  Germany,  method  of  mining  at,  380. 

Manuf<icture  of  Liquid  Sulphurous  Acid  in  Upper  8ilesia  (EiLEBS)  [Ixiv],  336. 

Marsac  silver-mill.  Park  City,  Utah,  7  ^  seq.^  17  et  Beq.y  42. 

Martens,  Prof.  A.,  on  tests  for  structural  wrought-iron  and  steel  [723]. 

Martin-Siemens  process,  112. 

Martinsville,  Henry  county,  Ya.,  iron-ores,  180. 

McCIave  grate  [617,  620, 623],  628. 

McKenna,  Alex.  G.,  and  Dsown,  Thomas  M.,  The  Direct  Determination  of  Aluminum 
in  Iron  and  Sted  [Iviii],  242. 

McMurtrie,  George  G.,  on  making  steel  without  the  use  of  manganese,  237. 

Mechanical  ore-sampling,  416. 

Meetings  of  the  Institute:  Cleveland,  Ohio,  June,  1891,  Ivi ;  Glen  Summit,  Pa.,  Octo- 
ber, 1891,  Ixi. 

Mehrtens,  George,  on  tests  for  structural  wrought-iron  and  steel  [723]. 

Menaccanite  in  Sumatra  [60]. 

Mercedes  silver-mine,  Honduras,  C.  A.,  405. 

Metal-working  by  electricity,  249. 

Metamorphosis-  and  replacement-theory  of  ore-deposit  at  Mount-Morgan  gold-mine, 
Queensland,  145. 

Metcalf,  William,  upon  steel  [730]. 

Method  of  ore-sampling  by  hand,  155. 

Methods  of  Worhing  and  Surveying  the  Minea  of  Longdale  Iron  Company f  Virginia  (John- 
son) [Will],  96. 

Mexico:  Casihuiriachic  silver-mill,  29;  lead-ores  of,  growing  scarcity  of,  in  the  West, 
15;  Sonora,  Las  Planchas  silver-mining  district,  740. 

Michigan  Stove  Co.'s  Works,  Detroit,  Mich.,  experiments  with  aluminum  at,  241. 

Midvale  Steel  Works,  Philadelphia,  Pa.  [241]. 

Mills  and  Bowau,  on  fuel  and  its  applications,  166. 

Mina  Grande  silver-mine,  Honduras,  C.  A.,  403. 

Minas  de  Oro  gold-  and  silver- mining  district,  Honduras,  C.  A.,  401. 

Mine-cars  at  Danville  iron-mine,  Pa.,  382. 

Mine  La  Motte,  Madison  county.  Mo.,  smelting- works  [166]. 

Mineral  Bailroad  and  Mining  Co.,  yentilating-fans  at  Cameron  Colliery,  Shamokin, 
Pa.,  650. 

Mining :  deep-mining  at  Bend! go  gold-field,  Victoria,  Australia,  538;  electric  power- 
transmission  in,  316;  gold  and  silver  in  Honduras,  395 ;  reef-gold  in  Malacca,  326 ; 
silver,  in  China,  88;  tin  in  mountain  streams,  Siak,  Sumatra,  75. 

Mining  in  Honduras  (Thacheb)  [Ixiv],  394. 

Mitis  steel,  248. 

Moffat,  E.  S.  :  remarks  in  discussion  of  magnetic  concentration  of  iron-ore,  584;  of 
preparation  of  small  sizes  of  anthracite,  620. 

Molin,  William,  analyses  of  Belmont  iron-ore,  Ontario,  Oan.,  173, 

Mongolia,  China,  silver-mining  in,  88. 

Monkey  drift,  Danville  iron-mines,  Montour  county,  Pa.,  376. 

Monserrat  Mining  Co.,  Honduras,  C.  A.,  397. 

Montana  group,  thickness  of,  in  Florence  oil-field,  Colo.,  451. 

Mont^us  system  for  lixiviation  tanks^  9  et  aeq. 

Montour  Iron  Co.,  iron-mines,  Danville,  Pa.,  370  et  aeq. 
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Morewood  coal-mine,  Connellsville,  Pa.  [655]. 

MoBSiS)  W.  H. :  remarks  in  discussion  of  Mr.  Hunt's  paper  ou  tests  of  stractaral 
wrought-iron  and  steel,  695;  of  magnetic  concentration  of  iron-ore,  5S4. 

Mount  Corry  silver-mill,  Lander  county,  Nev.  [17]. 

Monnt  Holly  furnace,  Burlington  county,  N.  J.  [216]. 

Mount  Hope  iron-mine,  Morris  county,  N.  J.,  215  et  teq. ;  concentrates  of  iron-ore, 
585. 

Mount  Morgan  Gold  Mining  Co.,  Queensland,  150. 

Mount  Morgan  gold-mine,  Queensland :  description  of,  134 ;  discovery  of,  134  ;  gold- 
production,  133,  150,  468 :  similarity  of  ore-deposit  to  that  of  Bed  Mountain  dis- 
trict, Colo.,  146;  treatment  of  gold-ore  at,  150 

Mount  Morgan  Mine,  Queetuland  (Rickard)  [Iviii],  133. 

Mount  Pleasant  iron-mine,  Morris  county,  N.  J.,  222. 

Murque,  Daniel,  on  theories  and  practice  of  centrifugal  ventilating  machines,  637. 

Nau,  J.  B  :  Experiments  with  the  Imperatori  Process  at  Croton  Magnetic  Mine,  New  York 
[Iviii],  111. 

Neill,  Jameb  W.  :  Stone-Coal  in  the  Lead  Blast-Fumaee  [Iviii],  165;  remarks  in  discos- 
sion  of  magnetic  concentration  of  iron -ore,  580. 

Nelson  ore-bank  (magnetite),  Stokes  county,  N.  C,  182. 

Network -theory  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queensland,  144. 

New  Chum  and  Victoria  gold-mine,  Victoria,  Australia,  494. 

New  Chum  Consolidated  gold-mine,  Victoria,  Australia,  474,  488. 

Nbwell,  F.  H.  :  ResiUts  of  Stream- Measurements  of  the  United  States  Geological  Surrey 
[Ixii],  547;  remarks  in  discussion  of  Mr.  Eldridge's  paper  on  the  Florence  oil- 
field, 462. 

New  Jersey:  Morris  county,  iron-ores  [132] ;  review  of  iron-mining  industry,  215. 

New  Orleans  and  Curaren  Mining  Works,  Honduras,  C.  A.,  402. 

New  Biver  coke,  W.  Va.,  257  et  seq. 

New  South  Wales,  Australia,  production  of  gold-ore,  468. 

New  Stassfurt  salt-mine,  Prussia,  357  et  seq. 

New  System  of  Ore-Sampling  (Bridgman)  [Ixiv],  416. 

New  York,  Honduras  and  Bosario  Mining  Co.,  Honduras,  gold- and  silver-mines,  395. 

Niobrara  formation  in  Florence  oil-field,  Colo.,  449. 

NiTZE,  H.  B.  C. :  Notes  on  some  of  the  Magetites  of  Southwestern  Virginia  and  the  CmUigt^ 
ous  Territory  of  North  Carolina  [Ivii],  174. 

NORRIB,  B.  Van  A. :  Centrifugal  Ventilators  [Iziii],  637. 

North  Carolina,  Stukes  county,  magnetite  deposits,  174. 

North  Chicago  Boiling  Mill  Co.,  Chicago,  111..  255. 

North  old  Chum  gold-mine,  Victoria,  Australia,  494. 

Northwest  Coal  Co.,  Scran  ton.  Pa.,  use  of  locked- wire  rope  hoist  by,  770. 

Note  on  Sampling  Iron-Ore  (Landib)  [Ixii],  611. 

Notes  on  the  Iron-Ores  of  DanvUU,  Pentisylvaniaj  with  a  Description  of  the  Long-  Wall  Method 
of  Mining  Used  in  Working  Them  (Stobk)  [Iziv],  369. 

Notes  if n  a  Novel  Cable- Transfer  for  Railroad' Cars,  and  the  Use  of  the  Locked' Wire  Rope 
(Spilsbury)  [Ixiii],  766. 

Notes  on  some  of  the  Magnetites  of  Souikwestem  Virginia  and  the  Coniigwnta  Terrilorjf  of 
North  Carolina  (NiTZB)  [Ivii],  174. 

Number  of  men  required  to  operate  apparatus  for  handling  ingots  and  moulds  in  Bes- 
semer steel  works,  356. 

Ogden  iron-mine,  Sussex  county,  N.  J.  [222],  586. 

Ogden's  (Ogdeuburg)  blast-furnace,  Sussex  county,  N.  J.  [216]. 

Ohio,  blast-furnaces  in,  256. 

Oil-bearing  zone,  Florence  oil-field,  Colo.,  thickness  of,  454. 
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Oil-wells :  Colorado :  Fremont  county,  446,  457. 

Olancho  Exploration  Co.,  Honduras,  C.  A.,  405. 

Old  Bed  iron-mine,  Port  Henry,  Essex  county,  N.  Y.,  677  ei  teq.,  599.) 

Old  Chum  gold-mine,  Victoria,  Australia,  466  et  teq. 

Oliver,  Gen.  Paul  A.,  "  camp-fire''  reception  at  Laurel  Bun,  in  connection  with  Qlen 
Summit  meeting,  October,  1891,  Ixviii. 

Open-hearth  furnace :  at  Croton  magnetic  iron-mine  [117] ;  oxidizing  power  of  flame, 
113. 

Opoteca  gold-  and  silver-mine,  Honduras,  C.  A.,  396. 

Ore-deposition:  diverse  forms  of,  atBendigo  gold-field,  Australia,  498;  theories  of : 
gold,  138  et  seq. ;  475  et  seq. ;  manganese,  49 ;  tin,  66. 

Ore-deposits :  gold,  133,  394,  463;  iron,  177  ei  eeq.,  211,  215,  369,  596,  603;  manganese, 
46 ;  tin,  50. 

Oregon  pine  best  material  for  lixiviation  tanks,  3. 

Ore-process  as  practiced  in  England,  conditions  of,  112. 

Ore-sampling :  by  machinery,  new  system  of,  416 ;  without  use  of  machinery,  155. 

Oriskany  sandstone  replaced  with  brown  hematite  ore  in  Longdale  Mines,  Va.,  97. 

Outlet  for  precipitates  for  lixiviation-plant,  7. 

Oxford  blast-fhrnace,  Warren  county,  N.  J.,  216  et  §eq. 

Oxygen,  amount  of,  required  to  eliminate  silicon,  carbon  and  manganese  from  pig- 
iron,  113. 

Packer  No.  5  coal-mine,  Bappahannock,  Schuylkill  county,  Pa.  [658]. 

Pardee,  I.  P.,  on  cost  of  roasting  ore  [595]. 

"Pea-and.dn8t,"615. 

Pea-coal,  Drifton,  Pft.,  614. 

PscHiN,  E.  C. :  remarks  in  discussion  of  Mr.  Adams's  paper  on  first  iron  blast-fur- 
naces in  America,  210;  of  American  blast-furnace  practice,  266,  269,  278;  of  Mr. 
Keep's  paper  on  manganese  in  cast-iron,  316 ;  of  Mr.  Nitse's  paper  on  magnetites 
of  Virginia  and  North  Carolina,  185 ;  of  Prof.  Smock's  paper  on  iron-mining  in 
New  Jersey,  224, 

Peculiarity  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queensland,  145. 

Penang  tin,  82. 

Penn  Iron  Mining  Co.,  Norway,  Mich.,  188. 

Pennsylvania :  coal-production  for  the  past  seventy  years,  410 ;  Montour  county,  iron- 
ores,  369. 

Pennsylvania  Steel  Co.  [175, 186]. 

Pepper  iron-mine  (magnetite),  Stokes  county,  N.  C,  185. 

Pequeet  iron-mine,  Warren  county,  N.  J.  [222]. 

Petroleum :  annual  production  in  the  United  States,  413;  ol  Florence  oil-field,  Colo., 
character  of,  460 ;  in  Fremont  county,  Colo.,  443. 

Philadelphia  and  Reading  Bailroad  Co.,  iron-mines,  Danville,  Pa.,  370. 

Philadelphia  and  Beading  Coal  and  Iron  Co.,  ventilating  fans  in  coal-mines  of,  664. 

Phillips,  on  raw  coal  for  blast-furnaoe  use  [165]. 

Phoephate-slag  as  fertiliser,  584. 

Phosphoric  acid,  influence  of,  on  the  precipitation  of  iron  in  electrolytic  determina- 
tion of  aluminum,  246. 

Photographie  and  Oo-Ordhtate  Swrveying  (Stanley)  [Ixiv],  740. 

Phyewd  and  Chemical  Eqttatione  of  the  Open-Hearth  Proeeee  (discussion  of  Mr.  Camp- 
bell's paper,  Trana.  xix.,  128)  [Ivii],  227. 

Pierre  formation  in  Florence  oil-field,  Colo.,  450. 

Pig-and-ore  process,  112. 

Pilot  Knob,  Iron  county.  Mo.,  iron-ore,  257. 

Pipe-line  for  lixiviation-plant,  13. 

Pittsville  ore-deposit,  Pittsylvania  county,  Va.,  181. 
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Plata-BeiDa  de  Sonora  Mining  and  Milling  Co.,  Mexico,  740. 

Piatt,  F.,  experiments  in  the  manufacture  of  coke,  622. 

PLA.TT,  J.  C,  remarks  in  discnssion  of  magnetic  concentration  of  iron-ore,  583. 

Plunger-pumps,  8, 108. 

Pocahontas  coke,  Va.,  257  et  aeq. 

Port  Henry,  Essex  county,  N.  Y. :  blast-furnaces,  277;  magnetic  concentrates  of,  599. 

Pottstown  Iron  Ck>.,  Montgomery  county,  Pa. :  blast-furnaces,  584 ;  system  and  general 
practice  for  testing  structural  material,  698  et  seq. 

Pourcel,  Alexandre,  on  the  relations  of  manganese  and  carbon  in  iron  and  steel  [314]. 

Practical  Retuits  in  the  Magnetic  OoneentraHon  of  Iron-Ore  (Hoffman)  [Ixii],  602. 

Precipitating-coefficients,  tables  of,  30. 

Precipitating-tanks :  for  lixiviation-plant,  6 ;  for  wash- water  in  lixiviation-plant»  7. 

Precipitation  of  Metals  from  HypoeuLphide  Sdutiont  (Stetsfeldt)  [Iviii],  15. 

Preparation  and  Utilization  of  Small  Sizes  of  AnthraeUe  (a  discussion  held  at  Glen  Sum- 
mit) [Ixiii],  613. 

Producer^gas  from  anthracite  waste,  625. 

Production:  of  anthracite  coal  in  the  United  States,  410;  of  coal  in  PennsylTania, 
1889,  625;  of  coal  in  United  States  in  1890,  412 ;  of  gold  at  Mount  Morgan, 
Queensland,  133, 150,  468;  of  gold  in  Queensland  in  1889, 133;  of  gold  in  Vic- 
toria in  1889, 133;  of  gold-ore  in  Australian  colonies,  468;  of  gold-ore,  Bendigo 
gold-field,  Victoria,  464,  470 ;  of  iron  and  steel  in  the  United  States,  412 ;  of  iron- 
ore  in  New  Jersey,  217,  218,  223;  of  iron-ore  in  New  York  and  other  States  com- 
pared, 224;  of  oil-wells  in  Florence  oil-fleld,  459,  460;  of  petroleum  in  the 
United  States,  413 ;  of  tin  metal  in  Malay  Peninsula,  51. 

Product  of  lixiviation-works  shipped  to  smelters  unroasted,  40. 

Protection  of  iron  tanks  by  asphaltic  covering,  14. 

Providence  Forge,  New  Kent  county,  Va.,  site  of  ancient  iron-works,  196. 

Puddle-  and  re-heating-slaga  for  paint-stock,  385. 

Pulaski  blast-furnace,  Pulaski  county,  Va.,  212. 

Pumps :  Cameron  [190, 195] ;  Cornish,  106  [357] ;  electric  mine,  368 ;  fire,  for  slaicing 
tailings,  13 ;  Geyser,  9  et  seq.;  Koerting,  9  et  eeq. ;  Knowles,  8  et  $eq^  188  et  teq^ 
368;  plunger,  8, 106. 

Pursel  slope,  Danville  iron-mines,  Montour  county,  Pa.,  376. 

Pyrometer,  water,  corrections  of  scale  by  Messrs.  Siemens,  260. 

Quartzite :  at  Queensland,  135  ei  aeq. ;  in  Sumatra,  58. 
Queen  iron-mine,  Warren  county,  N.  J.  [221]. 
Queensland,  Australia,  production  of  iron-ore,  468. 
Quicksand,  sinking  a  caisson  in,  at  Norway,  Mich,,  188. 

Bainfall  in  Sumatra  in  1887-88,  53. 

Bamel-Conley  Steel  Works,  Brewster,  Putnam  county,  N.  Y.,  607. 

Bandall  Hill  iron-mine,  Morris  county,  N.  J.  [222]. 

Bayhond,  B.  W.  :  remarks  in  discussion  of  Mr.  Adams's  paper  on  first  iron  blast- 
furnaces in  America,  214 ;  in  discussion  of  American  blast-furnace  practice,  274, 
276 ;  of  Mr.  Foster's  paper  on  the  McClave  grate  and  Argand  blower,  635;  of 
Mr.  Glenn's  paper  on  sampling  ores  without  use  of  machinery,  160 ;  of  Mr. 
Hunt's  paper  on  tests  of  structural  wrought-iron  and  steel,  711 ;  of  Prof.  Lang- 
ley's  paper  on  aluminum  in  steel  ingots,  238 ;  of  Mr.  Ledyard's  paper  on  some 
Ontario  magnetites  (TVatu.,  xix.,  28),  172;  of  magnetic  concentration  of  iron-ore, 
579,  581,  586;  of  preparation  of  small  sizes  of  anthracite,  621;  of  Prof.  Smock's 
paper  on  iron-mining  in  New  Jersey,  225;  of  Mr.  Wood's  paper  on  electricity  in 
welding  and  metal-working,  253. 

Bejining  ofStdphidee  Obtained  in  the  Lixiviation  Proceae  with  Hyposulphite  SotttiionM  (Stete- 
feldt)  [Iviii],  37. 
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SuuiU  of  Stream-Meaauremmia  of  the  United  States  Geological  Survey  (Newell)  [Iziiji 
547. 

Betiro  Gold  Mining  Co.,  Honduras,  C.  A.,  406. 

Beview  of  the  Iron'Mining  Industry  of  New  Jersey  (Smock)  [Ivi],  215. 

Biohard  iron-mine,  Morris  county,  N.  J.  [222]. 

BiCHABDS,  BoBEBT  H. :  A  Hand' Telescope  for  Stadia- Work  [Ixii],  732. 

Bichterschacbt  I.  coal-mine,  Upper  Silesia,  Grermany,  357. 

BiCKARD,  T.  A.:  The  Bendigo  Oold-Field  [Ixiy],  463,  772;  The  Mount  Morgan  Mine, 
Queensland  [Iviii],  133. 

Bingwood  iron-mine,  Passaic  county,  N.  J.,  215  et  seq. 

Boaring  Fork  Electric  Light  and  Power  Ck>.,  Aspen,  Colo.,  318  et  seq. 

Boasting-process  for  copper-silver  matte,  40. 

BoBBBTSON,  KsmrsTH,  remarks  in  discussion  of  magnetic  concentration  of  iron- 
ore,  591. 

Bockhampton  gold-mining  district,  Queensland,  133. 

Bocky  Mountain  Co.,  Colo.,  oil-wells,  446. 

Bocky  Mount,  Franklin  county,  Ya.,  iron-ores,  175. 

Bodgers  ore-bank  (magnetite),  Stokes  county,  N.  C,  184. 

Boessler  converter  [41]. 

Bogers,  Prof.  H.  D. :  on  the  iron-mining  industry  of  New  Jersey,  217 ;  on  Virginia 
iron-ore  deposits  [96]. 

BOLKEB,  Chables  M.  :  The  Alluvial  Tin-Deposits  ofSiakj  Sumatra  [Iviii],  50. 

Bolling-Mills:  lUinois:  North  Chicago  Boiling  Mill  Co.,  255;  Ohio:  Cleveland  Boil- 
ing Mills,  240 ;  Pennsylvania :  Scranton,  Lackawanna  Iron  and  Steel  Co.,  620. 

Bopp,  Alfred,  experiment  to  replace  coke  with  anthracite  in  lead  blast-furnace,  171. 

Bubber-hose  with  gas-pipe  nipples,  method  of  connecting,  14. 

Busaell  process,  17  et  seq. 

"  Saddle-reefs  "  at  Bendigo  gold-mines,  Victoria,  Australia,  475,  480. 

Sahlin,  Axkl:  The  Utilizatum  of  Puddle-  and  Be- Heating-Slags  for  Paint-Stock  [Ixiii], 
385 ;  remarks  in  discussion  of  magnetic  concentration  of  iron-ore,  589 ;  of  prepara- 
tion of  small  sizes  of  anthracite,  622. 

Salisbury  iron-ore  region,  Litchfield  county.  Conn.  [224]. 

Salt-mines :  Germany :  Prussia,  New  Strassfurt,  357  et  seq. 

Sampling  Ores  Without  Vae  of  Machinery  (Glenn)  [Iviii],  155. 

San  Andres  silver-mines,  Honduras,  C.  A.,  400. 

San  Bartolo  silver-mines,  Honduras,  C.  A.,  400. 

Sanders  Furnace  Co.,  Va.,  176. 

Sandhurst  (see  also  Bendigo)  gold-field,  Victoria,  Australia,  463. 

Sandstone  in  Sumatra,  60. 

San  Francisco  silver-mine,  Honduras,  C.  A.,  405. 

San  Juan  Palo  silver-mine,  Honduras,  C.  A.,  405.  1 

San  Luis  silver-mine,  Honduras,  C.  A.,  401.  l 

San  Marcos  gold-  and  silver-mines,  Honduras,  C.  A.,  403.  i 

Santa  Ana  silver-mine,  Honduras,  C.  A.,  405.  ' 

Santa  Elena  silver-mine,  Honduras,  C.  A.,  402.  i 

Santa  Lucia  Mining  and  Milling  Co.,  Honduras,  C.  A.,  403. 

Santa  Lucia  silver-mines,  Honduras,  C.  A.,  403,  405.  ' 

Schledehansen,  Osuabruck,  Germany,  coal-mine,  621. 

Scranton  Steel  Co.,  Scranton,  Pa.,  620. 

Secaucus  blast-furnace,  Hudson  county,  N.  J.  [592]. 

Selby  Smelting  and  Lead  Co.,  San  Francisco,  Cal.  [171].  ! 

Selvage  from  abrasions,  500.  I 

Shaler,  N.  S.,  on  extent  of  ore-deposit  at  Croton  iron-mine,  N.  Y.,  603. 

Shenadoah  gold-mine,  Victoria,  Australia,  486. 
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Sherbrook  Ova  and  Water  Co.,  86. 

Shropshire  ore-bank  (magnetite),  Stokes  county,  N.  C,  184. 

Siak  tin  district,  Samatra,  boandarlee  of,  52. 

Siemens  and  Halake,  electric  mine-locomotive,  356  et  »$q.  % 

Silicon :  influence  of,  on  cast-iron,  292 ;  in  pig-iron,  not  affected  by  heat  of  blast,  259. 

Silicon,  manganese  and  carbon  in  pig-iron,  amount  of  oxygen  required  for  elimina- 
tion of,  113. 

Silver  and  copper  precipitated  from  wash -water  by  scrap-iron  and  sulphnric  acid,  7. 

Silver  king  silver-mill,  Pinal  county,  Ariz.  [21]. 

Silver-mines:  Coloradi:  Pitkin  county.  Aspen  Mining  and  Smelting  Co., 316;  .^tw- 
tralia:  New  South  Wales,  Broken  Hill,  149;  China:  Mongolia,  68;  Hondmrtu,  C. 
A.:  Animas, 395;  Blanco, 405;  Oa1ifomia,395;  Cuya1,402;  Dolores,  402;  EI  Pais. 
405;  Qatal,  405;  Guachupolin,  405;  Guadalupe,  400;  Guaaucaran,  399;  La  Vic- 
toria, 402;  Los  Ghanchos,  405;  Mercedes,  405;  Mina  Grande,  403;  San  Andres, 
400;  San  Bartolo,  400;  San  Francisco,  405;  San  Jnan  Palo,  405;  San  Luis,  401; 
Santa  Ana,  405;  Santa  Elena,  402;  Santa  Lucia,  403, 405;  Temero,  405;  Victoria, 
402;  Zopilotiera,  402. 

Silver-mining,  in  Mongolia,  China,  88. 

Silver-ores:  Australia:  New  South  Wales,  Broken  Hill,  149. 

Silver-ores,  matting,  by  fusion  in  a  blast-fhmace  at  Mineral,  Idaho,  545. 

Singapore  tin,  82. 

Singkep,  island  of,  Indian  Archipelago,  tin-mines  at,  50et$eq, 

Sinking  Through  Wet  Oravel  and  Qnickmnd  near  Norway^  Mieh.  (KXLLY)  [Iviii],  188. 

Size  and  weight  of  ore-lumps  in  sampling  by  hand,  158, 159. 

Slags  :  as  fertilizers,  385,  584 ;  puddle  and  re-heating,  for  paint-stock,  335. 

Slag-paint,  manufacture  of,  at  Boonton,  N.  J.,  386,  393. 

Slickensides,  500,  506,  514. 

Sluice-gates  for  sluicing  tailings,  5. 

Sluicing  tailings  for  lixiviation-plant,  4. 

Smelting-works :  Colorado :  Gunnison  county,  Tomichi  Valley,  171 ;  Minowri:  Madi- 
son county,  Mine  La  Motte  [166]. 

Smock,  John  C.  :  A  Review  of  the  Iron-Mining  Induetry  of  New  Jertey  [Ivi],  215. 

Sodium  and  calcium  sulphides  as  re-agents  in  precipitation,  18. 

Sodium  hyposulphite  from  tetrathionate,  regeneration  of,  26. 

Sodium-sulphide  mixing-tanks  for  lixiviation-plant,  8. 

Solution-outlets  for  ore-tanks,  5. 

Solution-sumps  for  lixiviation-plant,  7. 

Some  Experiments  on  BUut-Famaee  Oaies  (Whitinq)  [Ivii],  280. 

Some  Ontario  Magnetites  (Discussion  of  Mr.  Ledyard's  paper,  Trans-^  xix.,  28)  [Ivii]* 
172. 

South  Bellevue  gold-mine,  Victoria,  Australia,  467. 

South  New  Chum  gold-mine,  Victoria,  Australia,  501. 

Southwest  Coal  and  Coke  Co.,  ventilating  fans  at  Morewood  colliery,  ConnellaviUe, 
Pa.,  655. 

South  Works  furnaces,  Illinois  Steel  Co.,  South  Chicago,  111.,  286  et  seq. 

Squier's  iron-mine,  Morris  county,  N.  J.  [221]. 

Spauldino,  H.  C,  remarks  in  discussion  of  Mr.  Eiler's  paper  on  electric  locomotives 
in  German  mines,  368. 

Speeb,  John  G.,  remarks  in  discussion  of  Prof.  Langley's  paper  on  aluminum  in 
steel  ingots,  239. 

Spilsbury,  E.  G.  :  Notes  on  a  Navel  Cable-Transfer  fw  Railroad- Oars,  and  the  Use  of  the 
Locked- Wire  Rope  [Ixiii],  766;  remarks  in  discussion  of  preparation  of  small  aises 
of  anthracite,  619. 

i-  prague  Electric  Railway  and  Motor  Co.,  318. 
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Staffosd,  C.  E.,  remarks  in  discussion  of  Prof.  Langley's  paper  on  alaminam  in 
steel  ingots,  239. 

Stamp-mills:  Arizona:  Pinal  county,  silver  king  [21];  Nevada:  Lander  county, 
Mt.  Corry  [17] ;  Utah:  Summit  county,  Marsac,  7  et  aeq.j  17  et  teq.;  Australia: 
Victoria,  Bendigo  gold-field,  531 ;  HonduraSt  C,  A, :  3d5  et  seq. ;  Mexico :  Chihua- 
hua, Cusihniriachic,  29. 

Stanley,  Henry  M.  :  Photographic  and  Co-ordinate  Surveying  [Ixiv],  740. 

Stanton  coal-mine,  Wilkes-Barre,  Pa.  [650]. 

Steel :  percentage  of  carbon  in,  at  Croton  magnetic  iron-mine,  N.  Y.,  128 ;  quality  of, 
obtained  with  Imperatori  process,  128. 

Steel  ingots,  aluminum  in,  233. 

Steel-works  (see  also  rolling-mills):  Ulinoie:  Joliet  Steel  Works,  256.  New  York: 
Putnam  county,  Brewster,  Bamel-Conley,  607.  Pennsylvania :  Philadelphia,  Mid- 
vale  [241] ;  Steelton,  Pennsylvania  Steel  Co.,  228. 

Stetefeldt,  C.  a.  :  The  Ckmstruction  of  Details  for  a  Modem  Lixiviation-Plant  [Ivii],  3; 
The  Precipitation  of  Metals  from  Hyposulphide  Solutions  [Iviii],  15 ;  The  Refinitig  of 
Stdphides  Obtained  in  the  Lixiviation  Process  with  Hyposulphite  Solutions  [Iviii],  37. 

Stewart's  Knob  iron-ore  deposits,  Patrick  county,  Va.,  178. 

Stirling  blast-furnace,  Morris  county,  N.  J.  [216]. 

Stirrers  for  precipitating-tanks  for  liziviation-plaut,  6. 

Stobk,  H.  H.  :  Wotes  on  the  Iron-Ores  of  DanvillSf  Pennsylvaniaj  ufith  a  Desoriptum  of  the 
Long- Wall  Method  of  Mining  Used  in  Working  Them  [Ixiv],  369. 

Stone-Coal  in  the  Lead  Blast-Fumaee  (Nsill)  [Iviii],  165. 

Storage-tanks  for  precipitates  for  liziviation-plant,  7. 

Stores,  A.  H.,  remarks  in  discussion  of  Mr.  Norris^s  paper  on  centrifugal  ventila- 
tors, 670,  673. 

Stontenburgh  iron-mine,  Morris  county,  N.  J.  [222]. 

Straightening-table  for  iron  and  steel  plates,  348. 

Straits  tin,  82. 

Straker,  Tooke,  on  preparation  of  small  sizes  of  anthracite,  622. 

Stream-measurements  of  the  U.  S.  Qeological  Survey,  547  et  seq, 

Striations,  510. 

Streana-tin  in  Sumatra  [56]. 

Structure  of  Florence  oil-field,  Colo.,  452.     . 

Sturtevant  mill  at  Croton  iron-mine,  ]^utnam  county,  N.  Y.,  576,  605. 

Sturtevant  pressure  blower  [86]. 

Snccasnnna  iron-mine,  Morris  county,  N.  J.  [217]. 

Suction-hose  for  increasing  the  rate  of  lixiviation,  10. 

Sullivan  Diamond  Prospecting  Co.,  Chicago,  III.,  322. 

Sulphides:  experiments  with,  containing  lead  and  calcium,  42;  containing  only  small 
quantities  of  lead  and  calcium,  45 ;  free  from  lead  hnd  calcium,  44 ;  obtained  in 
the  lixiviation  process  with  hyposulpite  solutions,  refining  of,  37. 

Sulphide-sampler  for  lixiviation-plant,  13. 

Sulphide-solution,  precipitating  co-efllcients  of,  27. 

Sulphur:  high  percentage  of,  in  Croton  magnetic  iron-ores,  115;  in  zinc-ores.  Upper 
Silesia,  Germany,  338. 

Sulphurous  acid,  manufacture  of  liquid,  in  Upper  Silesia,  Germany,  336. 

Sumatra:  alluvial  tin-deposits  of,  50;  coal  [52] ;  rainfall  in  1887-88,  53. 

Surveying:  co-ordinate,  749 ;  methods  of,  at  Longdale  iron-mine,  Va.,  102 ;  photo- 
graphic, 740. 

Sunshine  coal-mines,  Garfield  county,  Colo.,  168. 

Susquehanna  Coal  Co.,  Pa.,  346;  ventilating-f&ns  in  mines  of,  641  et  nq. 

Snyape  Silver  Concession,  silver-mines,  Honduras,  C.  A.,  400. 

Swayze  iron-mine,  Morris  county,  K.  J.  [221]. 

Sweden,  experiments  in  adding  carbon  to  pig-iron  bath,  in  iron-works  of,  114. 
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Tables :  of  native  weights  in  Indian  Archipelago,  78 ;  of  precipitating  co-eiBcientB, 
30 ;  of  some  test-reqnirements  for  structural  wrought-iron  and  steel,  719 ;  of  theo- 
retical tonnage-ratio  of  crude  iron-ore  to  concentrates,  598;  of  ventilating-fan 
experiments,  642. 

Tail-races  for  liziviation-plant,  6. 

Tandem  Tanks  for  Hoisting  Water  from  Flooded  Slopes  (Bowden)  [Ixlv],  343. 

Tanks  for  hoisting  water  from  flooded  slopes,  343. 

Taylor  gas-producer,  626. 

Teabo  iron-mine,  Morris  connty,  N.  J.  [222]. 

Telescope,  hand,  for  stadia-work,  details  of  construction.  734  et  seq. 

Ternero  silver-mine,  Honduras,  C.  A.,  405. 

Tests:  determining  influence  of  silicon  on  cast-iron,  293;  with  Imperatori  process  in 
America,  114;  physical,  of  cast-iron  containing  manganese,  306;  proving  infln- 
ence  of  manganese  in  cast-iron  can  be  overcome  by  silicon,  295;  of  structural 
wrought-iron  and  steel,  specification  for,  679. 

Tests  and  Bequiremeuts  of  Strtictural  Wrought- Iron  and  Steel  (Hunt)  [Iziii],  677 

Thacher,  W.  a.  :  Mining  in  Honduras  [Ixiv],  394. 

Thomson-Van  Depoele  Electric  Mining  Co.,  368;  electric  percussion-drill,  323. 

Thoulet  solution :  applied  to  magnetic  concentration  of  iron-ore,  580  et  seq. ;  density 
and  specific  gravity  of,  582. 

Tilly  Foster  iron-mine,  Putnam  county,  N.  Y.,  magnetic  concentrati9b  at,  582  et  seq. 

Timbering  shaft  through  wet  gravel  and  quicksand  at  Norway,  Mich.,  193. 

Tin,  derivation  of  stream-deposits  from  veins,  Sumatra,  66. 

Tin-export  from  mines  in  Indian  Archipelago,  82. 

Tin  mines :  Indian  Archipelago  :  Banca,  50  et  seq. ;  Billiton,  50  et  seq. ;  Singkep,  50  et 
seq.;  Sumatra,  Siak,  50;  Rotta  Kanah,  55  ei  seq.;  Malay  Peninsula:  51;  Kong 
Loon  Kongsi,  06. 

Tin-mining:  in  Siak  district,  Sumatra,  54;  treatment  of  gravel  at  Kotta  Banah, 
Sumatra,  79. 

Tin-ores :  Indian  Archipelago :  Banca,  Billiton  and  Singkep,  50  et  seq.  Malay  Penin- 
stda:  Kong  Loon,  66.    Sumatra:  Siak  district, 50. 

Tinton  Falls  iron-^orks,  Monmouth  county,  N.  J.  [216]. 

Tomichi  Valley  smelting- works,  Gunnison,  Colo.,  171. 

Tomoh  gold-district,  Malacca,  324. 

Tools:  Chinese  mining  implements,  332;  usedjby  Chinese  miners  in  Siak  tin-mines, 
Sumatra,  71 ;  Malay  mining,  72 ;  for  prospecting  alluvial  tin-deposits  in  the  In- 
dian Archipelago,  76. 

Topography  of  Florence  oil-field,  Colo.,  447. 

Tredegar  iron-works,  Richmond,  Va.,  214. 

Trenton  Iron  Co.,  Trenton,  N.  J.,  253 ;  cable-hoists  of,  767. 

Triumph  Oil  Co.,  Colo.,  oil-wells,  446. 

Tung  Shang  coal-mine,  China  [96]. 

Tunnels :  at  Longdate  iron-mine,  Va.,  107 ;  at  Mount  Morgan  gold-mine,  Queensland, 
137  et  seq. 

Union  Iron  Co.,  Detroit,  Mich.,  274. 
Union  Iron  Mills,  Pittsburgh,  Pa.  [718]. 
Union  Iron  Works  (ancient),  Hunterdon  county,  N.  J.  [216]. 
Union  Works  furnace,  Illinois  Steel  Co.,  Chicago,  111.,  281  et  seq. 
United  Oil  Co.,  Colo.,  oil-wells,  446. 
Unity  gold-mine,  Victoria,  Australia,  516, 

Use  »/  Magnetic  Concentrates  in  the  P&rt  Henry  Blast- Furjiaces  (Lanodon)  [Ixii],  599. 
Use  of  the  McClave  Grate  and  Argand  Steam-Blower  in  Utilising  Small  Sizes  of  Anthracite, 
or  Bituminous  Slack,  in  Boiler  and  Similar  Furnaces  (Fosteb)  [Ixiii],  628. 
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utilization  of  Anthraeite  Waste  by  Oanfication  in  Producers  (BLAtJVELT)  [Ixiii],  625. 
Itiligation  of  Puddle-  and  Re- Heating -Slags  for  Paint-Stock  {S/^ULitf)  [Ixiii],  385. 

Veins:  bed,  476;  true-fissare,  476,  501. 

Ventilating  fans,  637  et  seq  ;  influence  of  varioas  conditions  on,  665. 

Vereinigte  Konigs-  and  Laura-hutte  coal-mines,  Upper  Silesia,  Qermany,  357. 

Veteran  tunnel,  Aspen  Mining  and  Smelting  Co.'s  silver-mines.  Aspen,  Colo.,  318. 

Victoria,  Australia:  gold-mines,  463;  production  of  gold-ore,  468. 

Victoria  Hill,  Bendigo  gold-field,  Australia,  area  and  depth  of  mines,  537. 

Victoria  Mining  and  Milling  Co.,  Honduras,  C.  A.,  402. 

Victoria  silver-mine,  Honduras,  C.  A.,  402. 

Victory  and  Pandora  gold-mine,  Victoria,  Australia,  482  et  seq, 

Virginia:  Amherst  county,  magnetic  iron-ore  [176];  Campbell  county,  magnetic 
iron-ore  [176] ;  first  blast-furnace,  196 ;  Franklin  and  Henry  counties,  magnetite 
deposits,  174 ;  "  gossan  "-ores,  211 ;  iron-ores,  96 ;  Louisa,  Spottsylvania  and  Staf- 
ford counties,  brown  iron-ores,  196 ;  ore-deposits  of  Crimora,  A^pgusta  county,  46 ; 
Patrick  county,  magnetite,  178.  / 

Virginia  Development  Co.  [175]. 

Virginia  Steel  Co.  [176,  187]. 

Wages :  of  Chinese  miners  in  Siak  tin-fields,  Sumatra,  68,  70 ;  of  miners  in  Billiton, 
Indian  Archipelago,  78 ;  of  Malay  miner  in  Sumatra  tin-mines,  72. 

Waqneb,  John  R.,  remarks  in  discussion  of  Mr.  Norris's  paper  on  centrifugal  ven- 
tilators, 670. 

Walker  shutter  for  ventilating-fans,  658  et  seq. 

Walston  coke,  Jefferson  county.  Pa.,  257. 

Ward,  Willard  P.,  on  behavior  of  manganese  to  carbon  [314]. 

Warwick  blast-furnace,  Pottstown,  Pa.,  588. 

Water :  bailing,  from  Chinese  silver-mines.  92 ;  measurements  of  amount  flowing  in 
the  larger  rivers  of  the  West,  547  et  seq. 

Water-hoisting  tanks,  343. 

Water-level  drift,  Danville  iron-mines,  Montour  county.  Pa.,  376. 

Waterman  and  Beaver,  iron-mines,  Danville,  Pa.,  370  et  seq. 

Water-pyrometer,  260. 

Weeks,  Joseph  D.,  estimates  of  consumption  of  natural  gas  in  the  United  States,  411. 

Welding  by  electricity,  249. 

Weldon  iron-mines,  Morris  county,  N.  J.,  magnetic  concentration  at,  500. 

Welsh  Hill  drift,  Danville  iron-mines,  Montour  county.  Pa.,  376. 

Wermouth  Mining  Co.,  Honduras,  C.  A.,  401. 

.Western  Steel  Co.,  St.  Louis,  Mo.,  257. 

Whiting,  Jaspvr  :  Some  Experiments  on  Blast-Pumaee  Oases  [Ivii],  280. 

Williams,  John  J.,  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  struc- 
tural wrought-iron  and  steel,  713. 

Williams,  Oliver,  remarks  in  discussion  of  Mr.  Hunt's  paper  on  tests  of  struc- 
tural wrought-iron  and  steel,  701. 

Wire-cables  for  transmitting  electric  currents  in  German  mines,  357. 

Wiring  for  electric  power-transmission  in  silver-mines.  Aspen,  Colo.,  321. 

Witherbee,  Sherman  A  Co.,  Port  Henry,  Essex  county,  N.  Y.,  595,  599. 

W0AKE8,  Earnest  B.  :  A  Compound- Plunger  Hydraulic  Pump  [Ivii],  108. 

Wood,  A.  B.  :  Electricity  in  Welding  and  Metal-  Working  [Ivi],  249 ;  remarks  in  discus- 
sion of  Prof.  Smock's  paper  on  iron-mining  in  New  Jersey,  226. 

Wood,  amount  of,  used  for  fuel  in  the  United  States  per  annum,  413. 

WooDBRiDOE,  T.  B.,  remarks  in  discussion  of  magnetic  concentration  of  iron-ore, 
677. 
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Wooden  tanks  for  lixiTiation^plant,  constniction  of,  3. 
Wrought- iron  and  steel,  tests  and  requirements  of  structural,  677, 

Yankee  Girl  silyer-mine,  Custer  county,  Colo.  [146]. 
Yuscaran  silver-mining  district,  Honduras,  C.  A.,  397. 

&ukeroda  ooal-mines.  Saxony,  Oermany,  356  et  seq. 

Zinc-blende :  in  Honduras,  C.  A.,  396  €(t  8eq. ;  manufacture  of  liquid  sulpharonsacid  in 

connection  with  roasting  of,  337. 
Zinc-ores  of  Upper  Silesia,  Oermany,  338. 
2«opilotiera  aiWer-niine^  Honduras^  C«  A.,  402. 
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Aaron,  C.  H.,  on  loss  of  gold  in  roasting,  xvii,  9  et  seq. 
Abandoned  mines,  cultivation  of  mushrooms  in,  xvii,  248. 
Abbott,  Arthur  V. :  A  Description  of  the  Plant  of  the  Boston  HecUing 

Company,  xvi  [xxix],  870. 
Acadia  iron-mines,  N.  S.,  xvi,  136. 
Accident  silver-mine,  Iron  Hill,  Leadville^  Lake  county,  Colo., 

xviii  [165]. 
Accumulators,  electrical,  xviii,  348. 
Acid  open-hearth  reaction,  xix,  169. 
Acids,  transportation  of,  xvi,  514. 
Acrelius,  on  early  iron-mining  in  New  Jersey,  xx,  216. 
Actinolite  in  Ontario,  Can.,  xvii  [294]. 
Adams   oil-well,  Clarksville  township,  Allegany  county,   N.  Y., 

xvi,  935,  937. 
Adams  silver-mines,  Carbonate  Hill,  Leadville,   Lake  county, 

Colo.,  xviii  [172]. 
Adams,  W.  H.  :   The  First  Iron  BkLSt- Furnaces  in  America,  xx  [Ivii], 

196 ;     The   Incline  Railway   ai   Lookout  Mountain,  xvi   [xxv'}^ 

203 ;   List  of  Commercial  Phosphates,  xviii  [xxi^i],  649 ;   Twenty 

Years^   Progress  in  the   Concentration   of  Sulphuric  Add,  xvi 

[ptxv],  496. 
Additional  diaphragm  in  Howell  roasting-furnace,  xviii,  223. 
Adelaide  fault,  Leadville,  Colo.,  xviii,  150. 
Adirondack  iron- region,  Lake  Cham  plain,  N.  Y.,  xvii,  721,  746. 
Adventure  copper-mine,  Lake  Superior,  Mich.,  xix  [702], 
Aerial  Wire  Ropeways  (Pohlig),  xix  [xxm],  760. 
Aertsen,  Guilliaem,  remarks  in  discussion  of  Prof.  Langley's 

paper  on  aluminum  in  steel  ingots,  xx,  241. 
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Aftermath  silver-mine,  Ten  Mile  district,  Summit  county,  Colo., 
xviii  [172]. 

Agassiz  silver-mine,  Carbonate  Hill,  Leadville,  Lake  county, 
Colo.,  xviii  [172]. 

Agate  Bay,  Minn,  (see  Two  Harbors),  xvi  [183],  184. 

Agriculture  benefited  by  use  of  phosphate-slag,  xvii,  84. 

Aiken,  Arthur:  method  of  assaying  and  purifying  gold,  xvii,  7  ; 
process  for  refining  alloys  of  gold,  xvii,  30. 

Air :  analysis  of,  in  new  Croton  aqueduct,  New  York,  xix,  730 ; 
cost  and  efficiency  of  compressed  and  exhausted  air  ^  as 
power-transmitter,  xviii,  426 ;  film  attached  to  moving  bodies, 
xvii,  663  ;  necessity  for,  in  desulphurizing  iron-ores,  xviii,  80 
et  8eq, 

Air-blast  for  separating  telluride-dust  from  crushed  ores,  xviii, 
445. 

Air-compressors  :  for  lixiviation-plant,  xx,  13 ;  on  Nantes  and 
Vincennes  tramway,  Prance,  xix,  553;  at  Pratt  coal-mines, 
Jefferson  county,  Ala.,  xix  [307]. 

Airdrie  furnace,  Muhlenberg  county,  Ky.,  xvi,  585  [593]. 

Air-stirring  in  precipitating-tanks  at  Marsac  mill,  Park  City, 
Utah,  XX,  7. 

Akerman:  on  desulphurization  of  iron-ore,  xviii,  85;  on  fusibil- 
ity of  silicates,  xviii,  744. 

Akers,  William  A.,  and  Goodale,  W.  C.  :  Concentration  before  Amal- 
gamation  for  Low- Grade,  Partially-Decomposed  SUver-Ores,  With 
Notes  on' the  Hint  Greek  Mining  District^  xviii  {xx\,  242. 

Alabama :  area  of  coal-fields,  xvii,  207  ;  coal-fields,  xvii,  206 ; 
xix,  296 ;  coal- production  in  1887,  xvii,  206  et  seq, ;  xviii,  124  ; 
coke,  xvii,  136;  iron-ore-production  in  1888,  xvii,  723;  large 
furnaces  used  for  iron-ores,  xvii,  135 ;  manufacture  and  con- 
sumption of  phosphoric  acid  fertilizer  in,  xvii,  85 ;  Pratt  coke 
compared  with  Connellsville,  xvii,  142 ;  red  fossil  ores,  xvii, 
149 ;  sustaining  power  of  coke-cubes,  xvii,  147 ;  tar-springs, 
xvii,  358. 

Alabama  coal-mine.  Warrior,  Jefierson  county,  Ala.,  xvii  [214], 

Alabama-Connellsville  Coal  and  Coke  Co.,  xvii,  224  et  seq. 

Aladdin  silver-lead-mine,  Bingham  Caiion,  Salt  Lake  county, 
Utah,  xvi,  12. 

Alantasaurus  shales  in  Northwestern  Colorado,  xvii  [376]. 

Albany  and  Boston  (Peninsula)  copper-mine.  Lake  Superior, 
Mich.,  xix,  685. 

Albany  county,  N.  Y.,  natural  gas,  xvi,  951. 

Albany  Gulch,  Red  Mountain  district,  Ouray  county,  Colo.,  sil- 
ver ores,  xvi,  575. 
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Albany,  N.  Y.,  natural  gas,  xvi,  908. 

Albany  silver- mine,  Red  Mountain  district,  Ouray  county,  Colo., 

xvi,  576. 
Albertite  and  other  bituminous  minerals  compared,  xviii^  563. 
Albite  the  dominant  feldspar  in  the  Black  Hills,  S.  Dak.,  xvii, 

591, 595. 
Aldrich,  Shelby  county,  Ala.,  coal-mines  at,  xvii,  210,  221. 
Aldrich,  T.  a.,  remarks  in  discussion   of  Mr.  Gordon's  paper 

on  large  furnaces  on  Alabama  material,  xvii,  145. 
Alexander,  J.  S.,  on  Indiana  '^  block  coal,"  xx  [165]. 
Algeous  growths  in  hot  springs,  Yellowstone  Park,  xvi,  796. 
Algeria,  salt-mine  at  Ouled  Kebbah,  xvii  [110]. 
Algonquin  stamp-mill,  Philipsburg,  Mont.,  xviii  [223]. 
Alice  blast-furnace,  Birmingham,  Ala.,  xvii  [152]. 
Alice  silver-mines  and  mills,  Butte,  Silver  Bow  county,  Mont,  xvi, 

xxiiy  38  et  seq.,  54,  62  et  «eg.,  372. 
Alkaline  carbonates :  reaction  with  metallic  iron  xvii,  545 ;  reac- 
tion with  silicon,  xvii,  542  etseq,  \ 
Allegany  county,  N.  Y.,  oil-  and  gas-  wells,  xvi,  908,  927 ;  xviii, 

294, 
Alleghany  county,  Va.,  Oriskany  iron-ores,  xix,  1019. 
Alleghany  Mountain,  Greenbriar  county,  W.  Va.,  xvii,  118. 
Allen,  Joseph  H.  :  Western  Kentucky  Coals  aw4  Cokes,  xvi  [axcxtn], 

581. 
Allen,  J.  A.,  analysis  by ;  of  Muirkirk  iron,  xvii,  469,  470 ;  of 

Muirkirk  slag,  xvii,  470. 
Allen  &  Noble  oil-well,  Scio  township,  Allegany  county,  N,  Y., 

xvi,  932. 
AUentown,  Allegany  county,  N.  Y.,  oil  and  gas,  xvi  [929]. 
Allerton-Ream  gold-mines,  Montgomery  county,  Md.,  xviii,  400. 
AUgemeine  EledricUdisgesellscJiaft  electric  mine  locomotive,  xx,  356 

etseq. 
Allison's  coal-mines,  British  Columbia,  xviii,  315. 
Allison  gold-mine,  Jackson,  Amador  county,  Cal.,  xviii,  643. 
Allison,  Robert,  remarks  in  discussion  of  Mr.  Norris's  paper  on 

centrifugal  ventilators,  xx,  672. 
AUouez  copper-mine.  Lake  Superior,  Mich.,  xvi,  191 ;  xix,  685. 
Alloys  (see  also  the  metals) :  aluminum  xix,  1041  et  seq. ;  copper, 

tin  and  lead,  experiments  with,  xix,  901. 
Alloys,  physical  tests  of:  aluminum  and  copper,   xviii,    829; 

aluminum,  manganese  and  copper,  xviii,  496 ;  aluminum  and 

tin,  xviii,  828;  copper  and  zinc,  xviii,  822 ;  lead  and  antimony, 

xviii,  820;  lead  and  tin,  xviii,  820. 
Alluvial  Tm-Dqposits  of  Siak,  Sumatra  (Rolker),  xx  llviit],  50,  771. 
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Alma  township,  Allegany  county,  N.  Y.,  oil-  and  gas-wells, 
xvi,  929  et  seq, 

Almy  coal-mine,  Wyoming,  xvi,  356,  359. 

Almy,  Thomas  J. :  History  of  the  Ontario  Mine,  Park  City,  Utah^  xvi 
[xm],  36. 

Altai  Mountains,  Russia,  value  of  ores  treated  by  pyritic  smelt- 
ing, xvi,  263. 

Alumina :  acts  as  an  acid  in  the  basic  slag  of  an  open-hearth 
furnace,  xvi,  725  ;  electrolysis  of,  to  produce  alloys,  xviii,  666 
et  seq, ;  hydrated  oxide  of,  found  in  Floyd  county,  Ga.,  xvi, 
905. 

Aluminum  :  (see  Errata,  xviii,  913) ;  action  of  corroding  agents 
on,  xviii,  537  ;  analysis  and  physical  properties  of,  xviii,  530 
et  seq.,  824  et  seq..  913 ;  application  of,  to  the  manufacture  of 
iron  and  steel,  xix,  1060,  1077  ;  beneficial  effect  on  steel  in- 
gots, XX,  233;  benefits  of  alloying  with  silver,  xviii,  504;  in 
cast-iron,  alBTects  carbon,  xviii,  106 ;  cost  of  manufacture  by 
Grabau  method,  xix,  1045;  early  history  of  manufacture, 
xix,  1043;  eflfect  of,  in  iron  and  steel,  xix,  1049,  1073;  electric 
conductivity  of,  xviii,  550;  electric  welding  of,  xviii,  532;  ex- 
periments with,  to  replace  manganese,  xix,  1077 ;  Hall  pro- 
cess, xix,  1046;  Heroult  process,  xix,  1046;  impurities  and 
their  effect,  xviii,  528  et  seq.,  822 ;  influence  on  cast-iron,  xvii, 
[473]  ;  influence  of,  on  manganese  copper  alloys,  xviii,  496  ; 
for  instruments  of  precision,  xviii,  503;  in  iron  and  steel, 
methods  of  analysis  of,  xviii,  560 :  literature  relating  to,  xix, 
1069 ;  in  manganese-steel  and  spiegeleisen,  xix,  1063 ;  metallic, 
scheme  for  analysis  of,  xviii,  559 ;  method  of  determination 
in  iron,  xix,  1081 ;  method  of  examining  pig-iron  for,  xvii, 
474  ;  name  for,  xix,  1044 ;  physical  tests  of,  xviii,  477,  530  et 
seq,,  822  ;  quantity  employed  for  open-hearth  and  Bessemer 
steel,  XX,  234  et  seq,  ;  reported  great  strength  of,  xviii,  833 ; 
scheme  of  analysis  for,  xviii,  559 ;  shop  methods  for,  xviii, 
554  ;  in  steel  castings,  experimental  tests  of,  xviii,  851 ;  sub- 
stituted for  manganese  in  steel  xx,  237;  theories  to  account 
for  its  effect  on  steel,  xx,  236 ;  in  wrought-iron  casting,  prevents 
blow-holes,  xviii,  841. 

Aluminum-alloys  :  electrical  tests  of,  xviii,  495 ;  properties  of, 
xviii,  494,  504,  555,  673,  828 ;  smelting  of,  by  the  Heroult 
process,  xviii,  666. 

Aluminum-Bronze  and  Brass  as  Suitable  MatericUs  for  Propdlers 
(CoWLEs),  xviii  Ixlvii],  484. 

Aluminum-bronze:  xix,  1043;  by  the  Heroult  process,  analy- 
ses, xviii,  673,  913;  stamp-mill  screens,  xvii,  521. 
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Aluminum  in  Cast-iron  (Keep),  xviii  [xz],  102. 

Aluminum  in  the  Drawing- Press  (Smith,  0.),  xviii  [xxxi],  476. 

Aluminum  and  Magnesium  Fabrik,  Hemelingen,  near  Bremen, 
Germany,  xviii,  107. 

Aluminum  and  Other,  Metals  Compared  (Keep),  xviii  [pdvi],  798. 

Aluminum  Ore  (Nichols),  xvi  [xxv],  905. 

Aluminum  in  Search  of  a  Nickname  (Smith,  0.),  iviii  [pcxxi]^  482. 

Aluminum-silicate,  analysis  of,  xvi,  580. 

Aluminum-Steel  (Hadfield),  xix  [xxxi],  1041. 

Aluminum  in  Steel  Ingots  (Langley),  xx  [Ztw],  233, 

Aluminum  works,  xviii,  107,  530,  824. 

Aluminum  inWrou^ht-Iron  and  Steel  Castings  (Keep),  xviii  [xZi?tJ,  835. 

Amalgamation  ;  affected  by  the  presence  of  manganese  oxides, 
xvii,  776 ;  aided  by  the  presence  of  iron,  xvii,  777 ;  in  the 
Black  Hills,  S.  Dak.,  xvii,  501  et  seq, ;  by  barrel  process,  xvi, 
360 ;  compared  with  Russell  process,  xvi,  367  et  seq, ;  concen- 
tration before,  for  low  grade  silver-ores,  xviii,  242 ;  details  of, 
xviii,  251 ;  effect  of  manganese  minerals  in  pans,  xviii,  912 ; 
not  applicable  to  tellurides,  xviii,  442. 

Amalgamation  at  the  Comstock  Lode^  Nevada :  A  Historical  Sketch  of 
Milling  Operations  at  Washoe^  and  an  Account  of  the  Treatment 
of  Tailings  at  the  Lyon  JfiH,  Dayton  (Hodges),  xix  [viii]^  195. 

Amalgamation- works  (see  also  concentration-works,  smelting- 
works,  and  stamp-mills):  Montana:  Deer  Lodge  county; 
Black  Pine,  Combination  Mining  and  Milling  Co.,  xviii,  242. 

Amber  and  ambrite  classified  among  hydrocarbons,  xviii  [582]. 

Amendments  to  the  Rules:  Adopted,  xvii,  xli;  Proposed,  xvii, 
xxvii. 

Ameniaville,  Dutchess  county,  N.  Y.,  natural  gas,  xvi,  908. 

American  Asbestos  Co.,  Black  Lake,  Quebec,  Can.^  xviii,  326. 

American  blast-furnaces,  development  of,  xix,  932. 

American  Blast-Pamace  Practice  (A  discussion  suggested  by  Mr. 
Gayley's  paper  on  the  development  of  American  Blast- 
furnaces, Trans,  xix,  932),  xx  llvii],  255. 

American  cannel  coal,  xviii,  436. 

American  Flag  silver-lead-mine,  Bingham  Cafion,  Salt  Lake 
county,  Utah,  xvi,  77. 

American  Institute  of  Mining  Engineers  and  its  mission,  xvii, 
485. 

American  Iron-Works,  Pittsburgh,  Pa.,  visit  to,  xix,  xxiv, 

American  Manganese  Co.,  Crimora,  Va.,  xx,  46. 

Ames  shovel- works,  visit  to,  xvi,  xxxvii. 

Ammonia  :  separated  from  coke-oven  gases  by  condensation  in 
German  metallurgical  works,  xix,  336 ;  in  sewage,  xvii,  344. 
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Amphibole  in  Sumatra,  xx  [60]. 

Amphibole-schist  in  Black  Hills,  S.  Dak.,  xvii  [498,  574]. 

Amygdaloids  of  Lake  Superior,  xix,  683. 

Anaconda  copper-mine,  Butte,  Silver  Bow  county,  Mont.,  xvi[54], 

xxiii;  xvii  [528]  ;  xix,  690  ;  consumption  of  timber  in,  xvii, 

268. 
Anaconda  smelting-works,  Butte,  Mont.,  improvements  in,  and 

capacity  of,  xviii,  70. 
Ancdysis  of  Lake  Superior  Iron-Ores  (GtOETz),  xix  [ix],  59. 
Analyses  of  (see  also  assays  of); 

Air,  in  tunnel  of  new  Croton  aqueduct,  New  York,  xix,  730. 

Albertite,  xviii,  568,  670. 

Aluminous  wrought-iron  castings,  xviii,  839, 841  et  seq. 

Aluminum-alloys,  xviii,  558  et  seq. ;  xix,  1095. 

Aluminum-bronze,  xviii,  557,  673. 

Aluminum,  commercial,  xviii,  531. 

'* Aluminum  physic"  used  in  preparation  of  Mitis  casting, 
XX,  249. 
'     Aluminum  silicate,  xvi,  580. 

Aluminum-steel,  xix,  1064. 

Andesite  of  Ouray  county,  Colo.,  xvi,  576. 

Anthracite  producer-gas,  xviii,  869. 

Ash  from  Clifton  Coal  Co.'s  coke,  Hopkins  county,  Ky.,  xvi, 
589. 

Asphalt :  of  Cuba,  xviii,  568 ;  of  Trinidad,  crude  and  refined, 
xvi,  363,  364. 

Asphaltic  rock.  Prance,  xviii,  577. 

Bar-iron,  xvi,  272. 

Beauxite,  xvi,  906 ;  xviii,  562. 

Bessemer  steel,  xix,  930. 

Bituminous  producer-gas,  xviii,  869. 

Blast-furnace  slag,  xix,  131. 

Blast-furnace  waste  gases,  xvii,  58,  59,  60,  78. 

Blooms :  from  Carbon  Iron  Co.'s  works,  Pittsburgh,  Pa.,  xvii, 
679;  from  Russia,  xvi,  351,  352:  from  Wartsila,  Finland, 
xvi,  345. 

Blue-powder  lead-oxide,  xviii,  691,  692. 

Bog  iron-ore  from  Colorado,  xviii,  268. 

Boiler-scale,  xvii,  352. 

Bricks  (see  analyses  of  dolomite  and  magnesite  bricks). 

Buffalo  cement,  xvii,  251. 

Cassiterite  (see  also  analyses  of  tin-ores),  xviii,  10. 

Cast-iron  (see  analyses  of  pig-iron  and  wrought-iron). 

Cement,  xvii,  252. 


INDEXy  VOLS.  XVI  TO  XX.  7 

Analyses  of— Continued. 

Cinder  (see  analyses  of  slag). 

Coal:  United  States:  Alabama:  Bibb  county  ;  Cahaba coal- 
fields (bituminous),  xvii,  63,  217 ;  Jefferson  county  (bitumi- 
nous); Coalburg,  xvii,  211 ;  Warrior,  xvii,  213, 214,  xix,  297 ; 
Walker  county  (bituminous)  ;  Corona,  xvii,  218,  219 ;  Deer 
Creek,  xvii,  220;  Indian  Territory:  Choctaw  coal-fields  (bitu- 
minous) ;  Grady  bed,  xviii,  655 ;  Lehigh  mines,  xviii,  657  ; 
McAlester  b^d,  xviii,  667 :  Mitchel  basin,  xviii,  656 ;  Kansas  : 
Carbon  (bituminous),  xviii,  682 ;  Kentucky :  (^bituminous), 
xvi,586;  Cartercounty  (cannel),  Grayson,  xviii,  437;  Hancock 
county  (cannel),  Breckenridge,  xviii,  437  ;  Hopkins  county 
(bituminous),  Clifton  Coal  Co.,xvi, 589;  Johnson  county  (can- 
nel) ;  Chattaroi,  xviii,  437 ;  Whitehouse,  xviii,  438;  Kanawha 
county  (cannel),  Cannelton,  xviii,  438;  Oregon:  (bituminous), 
xix,  28;  Pennsylvania:  Allegheny  county,  Pittsburgh  (bi- 
tuminous), xviii,  610;  Sullivan  county,  Bernice  (anthra- 
cite), xvii,  610,  615 ;  Tennessee :  (bituminous),  xvii,  47  : 
Campbell  county,  Jellico  (cannel),  xviii,  438 ;  Utah :  Emery 
county ;  Schofield  (bituminous),  Utah  Central  Railroad 
Co.,  xvi,  358 ;  Winter  Quarters  mine,  xvi,  358 ;  West  Vir- 
ginia: Greenbriar  county  (graphitic);  xvii,  121.  Other 
Countries:  Canada:  British  Columbia  ;  Allison's  (lignite), 
xviii,  315 ;  Hat  Creek  (lignite),  xviii,  315 ;  Kamloops  (bi- 
tuminous) xviii,  315  ;  Nicola  (bituminous)  xviii,  315 ;  Mani- 
toba ;  Bow  River  (bituminous),  xviii,  314 ;  Cascade  Valle)^ 
(anthracite),  xviii,  314 ;  Crowfoot  (lignite),  xviii,  314 ;  Gait 
(lignite),  xviii,  314;  Medicine  Hat  (lignite),  xviii,  314; 
China:  Kaiping  mine,  xvi,  98;  Tsu-Hung-Tung  (semi- 
anthracite),  xix,  577 ;  Nova  Scotia  (bituminous) :  Cape 
Breton,  Cumberland  county,  Pictou  county,  xviii,  201. 

Coal-gas  (see  also  analyses  of  gas) :  xviii,  881. 

CJoke:  Alabama:  Birmingham  district:  Bessemer,  xvii,  224 ; 
Blue  Creek,  xvii,  154 ;  Cahaba,  xvii,  154  ;  Coalburg  mine, 
xvi,  593 ;  xvii,  154  ;  Newcastle,  xvii,  154 ;  Parksville,  xvii, 
225;  Pratt,  xvi,  593;  xvii,  138,  154;  Warrior,  Watts  Coal 
and  Iron  Co.,  xvii,  154,  213;  Georgia:  Dade,  xvi,  593 
Kentiicky :  Hopkins  county ;  Clifton  Coal  Co.,  xvi,  589,  593 
Nells  Fork,  xvi,  593;  St.  Bernard  mines,  xvi,  588,  593 
Sycamore,  xvi,  593 ;  Tar  Lick,  xvi,  593 ;  Muhlenberg 
county  ;  Airdrie  furnace,  xvi,  587, 593;  Teniiessee:  Hamilton 
county ;  Daisy,  xvi,  593 ;  Etna,  xvi,  593  ;  Soddy,  xvi,  593. 

Qoke-ash  :  Alabama :  Birmingham  district ;  Pratt,  xvii,  138 ; 
Kentucky :  Hopkins;  Clifton  Coal  Co.,  xvi,  589. 
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Analyses  of — (hntirmed. 

Columbite  from  Black  Hills,  8.  Dak.,  xvii,  593,  634. 

Copper,  commercial,  xix,  593. 

Copper-gold  alloy,  Argo.,  Colo.,  xviii,  69. 

Copper-lead  matte,  Argo,  Colo.,  xviii,  64,  65. 

Copper-ore ;  from  Ping  Chuan  district,  China,  xix,  592 ;  from 
Carribou,  Picton  county,  Nova  Scotia,  xviii,  200. 

Copper-slag  from  Ping  Chuan  district,  China,  xix,  593. 

Dolomites:  Alabama:  xvii,  63;  Pennsylvania:  xvi,  719; 
Austria:  Chozanow,  xvi,  719;  France:  Bess^ges,  xvi,  719; 
Dion,  xvi,  719;  Varigey,  xvi,  719;  Germany:  Horde,  xvi, 
719;  Ilsede,  xvi,  719 ;  Rothe  Erde,xvi,  719;  Poland:  Dom- 
browa,  xvi,  719. 

Dolomite-brick:  Pennsylvania:  xvi,  719;  Avstria:  Chozanow, 
xvi,  719;  Fran^ce:  Dion,  xvi,  719 ;  Germany:  Horde,  Hsede, 
xvi,  719. 

Perro-silicon :  American,  Pencost,  xvii,  255 ;  foreign,  Govan, 
xvii,  255. 

Flue-dust:  from  lead-furnaces,  Joplin,  Mo.,  xviii,  688;  Low 
Moor,  Va.,  xvii,  130. 

Fuel-gas,  xviii,  613  et  seq^,  869. 

Furnace-gas,  xviii,  81. 

Galena-ore,  xviii,  676,  677. 

Gas :  coal-gas,  xviii,  881 ;  fuel-gas,  xviii,  613,  615,  869 ;  fur- 
nace-gas, xviii,  81;  natural-gas,  xviii,  881;  producer-gas, 
xviii,  881 ;  waste  gas,  from  blast-furnace,  xvii,  58,  59,  60, 
78;  water-gas,  xvii,  300,301 ;  xviii,  881. 

Geyser- waters :  Wy<yniing:  Yellowstone  Park,  Lower  Geyser, 
Norris  and  Upper  Geyser  basins,  xvii,  554. 

Gilsonite,  Uintah  county,  Utah,  xvii,  114. 

Gold-ores :  Colorado :  Lake  county  ;  Colorado  No.  2  (pyritife- 
rous),  xviii,  173;  Mexico:  Vera  Cruz;  Las  Minas,  xvii,  10. 

Graphite,  Cranston,  R.  I.,  xvi,  709. 

Hessite  (silver  telluride),  Huronian  mine,  Ontario,  Can., 
xviii,  440. 

Hot  Waters  (see  also  analyses  of  geyser- waters) :  Wyoming : 
Yellowstone  Park,  Constant,  Hygeia  Spring,  and  Old  Faith- 
ful geysers,  xvi,  800. 

Ingot-iron,  xvi,  272. 

Iron  (see  also  analyses  of  blooms,  muck -bar,  pig-iron,  and 
wrought-iron) :  aluminous,  xviii,  558. 

Iron-ores :  magnetic  concentrates,  xix,  193 ;  United  States  : 
Alabama:  (red  hematite),  xvii,  153;  Birmingham  district 
(hard-,  red-  and  soft-ores),  xvii,  153 ;  Red  Mountain  (hturd- 
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and  softrore),  xvii,  137 ;  Fort  Sayne  (hard  red  ore),  xvii, 
63 ;  Colorado :  Park  county ;  Hand-cart  gnlch  (bog-ore), 
xviii,  268 ;  Georgia :  (brown  hematite),  xvi,  848 ;  Kentucky  : 
Muhlenberg  county ;  Airdrie  (black  band),  xvi,'586 ;  Mains  : 
Piscataqua  county ;  Katahdin,  raw  and  roasted,  xviii,  309 ; 
Maryland :  Baltimore  ores  (carbonates),  xvii,  464,  465, 471 ; 
Beltsville,  Geo.  Yokel  (carbonate  and  hematite),  Contee's  J. 
O'Brien  (hematite),  xvii,  466;  D.  CoUins's  Bank,  Diven,  J. 
Collinses  Bank,  Jefferson,  Tyson,  Millbrook  (white  and 
brown  ore),  Monteith,  xvii,  466 ;  Prince  George's  county ; 
Branch ville,  Burgess,  xvii,  466;  G.  L.  Skaggs  (carbonate, 
•  hematite  and  limonite),  xvii,  465 ;  Walker  Bank  (brown 
ore),  xvii,  466 ;  Michigan :  Gogebic  county,  Auvil,  Ashland, 
Aurora,  Colby,  Iron  king,  Ironton,  Norrie,  Pabst,  Puritan, 
Sunday  Lake  (manganese),  xvi,  187 ;  Marquette  county, 
Lake  Superior,  xvi,  187;  xix,  60;  Menominee  range,  Cy- 
clops, Norway,  Quinnesec,  Vulcan  (hematite),  xvi,  536; 
Minnesota :  Cook  county ;  Grand  Marais,  Masaaba  Range 
(magnetite),  xvi,  183 ;  Vermilion  district  (specular),  xvi, 
180,  183;  Y-ore,  xvi,  716;  Misaimppi:  Clark  and  Lauder- 
dale counties  (carbonate),  xvi,  147, 148 ;  New  Jersey :  Morris 
county ;  Beach  Glen  (magnetite),  xvii,  739 ;  Mt.  Hope,  xvii, 
740 ;  Piatt  Mine,  xvii,  740 ;  New  York :  Clinton  county ; 
Plattsburg,  xvii,  739;  Essex  county;  Port  Henry,  New  Bed 
(magnetic),  xvii,  721, 739  et  seq. ;  xviii,  762 ;  Old  Bed  (mag- 
netic), xvii,  739  et  seq, ;  Hudson  River  carbonates,  raw, 
xvii,  281 ;  roasted,  xvii,  276,  472 ;  Putnam  county ;  Croton 
magnetic,  xvii,  737, 738 ;  xx,  115, 604, 608, 609 ;  Tilly  Foster, 
tails  from  magnetic  concentration,  xx,  610 :  North  Carolina  : 
XX,  183, 184, 185 ;  Cherokee  county ;  Murphy  (brown  hema- 
tite), xvi,  848;  Valleytown,  xvi,  846;  Hiawassee  Valley, 
xvi,  846  (manganese-ores),  847  (chromate  of  iron,  slaty 
hematite  and  titanic-ore),  848  (brown  hematite) ;  Mitchel 
county;  Cranberry  (magnetite),  xvi,  848;  Pennsylvania: 
Berks  county;  Jones  (magnetite),  xvii,  744;  xviii,  311; 
Lebanon  county ;  Cornwall  (magnetite),  raw  and  roasted, 
xviii,  84,  85,  309,  311 ;  Lehigh  Mountains,  xvii,  740 ;  Mon- 
tour county ;  Danville,  "bird-eye,"  XX,  374,  block-ore,  xx, 
374,  fossil-ores,  xx,  373,  374 ;  Tennessee :  Tennessee  River 
(hard  and  soft),  xvi,  848 ;  Virginia :  xx,  186, 187  ;  Allegheny 
county  (brown  ore),  xix,  1021 ;  Bedford  county,  Davis  Mill 
section  (magnetic),  xx,  180 ;  Botetourt  county  (brown  ore), 
xix,  1024 ;  Carroll  county  ("  gossan  "-ore),  xix,  1031 ;  Cum- 
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berland  Gap  (fo88il-ai;es))  xix,  1023;  Franklin  county,  Clark 
mines,  XX,  176;  "  gossan  "-ore,  xx,  212;  Tazewell  county 
(brown  hematite),  xix,  1018 ;  Wythe  county  (brown  ores), 
xix,  1028;  xx,  178;  West  Virginia:  Greenbriar  county; 
Glenmore  (red  oxide),  xvii,  120;  Wisconsin:  Ashland 
county  ;  Germania,  Kakagon,  Montreal,  xvi,  187.  Other 
Countries  :  Canada :  Ontario  (magnetic),  xix,  31, 33, 34,  36 ; 
Belmont  xx,  173;  Ore  Hill  (magnetic),  xvi,  189;  Nova 
Scotia:  Pictou  county  (clay-iron-stone  and  black-band), 
xviii,  201 ;  Brookfield,  xviii,  203 ;  Russia :  Viatka,  Ruoinsk, 
Malo-blagodatj  (magnetic),  xvi,  351. 

Jet,  xviii,  570. 

Kaoline,  Montgomery  county,  Md.,  xviii,  406. 

Lead :  blue-powder  from  Lone  Elm  furnace.  Mo.,  xviii,  691, 
692. 

Lead*ores  ;  Colorado :  Lake  County ;  Colonel  Sellers,  xviii, 
173 ;  Missouri :  Jasper  county ;  Joplin,  xviii,  676,  677 ; 
Oronogo,  xviii,  676 ;  Newton  county ;  Granby ,  xviii,  676, 677. 

Limestone  (see  also  analyses  of  dolomite) :  Alabama:  Gate 
City,  xvii,  137;  Jefferson  county,  xvii,  153;  Arizona:  Co- 
chise county,  Tombstone,  xvii,  774 ;  Colorado :  Ouray 
county,  xvi,  576. 

Magnesite:  California:  xvi,  720;  Rhode  Idand :  xvi,  720; 
Austria:  Steiermark,  xvi,  720;  Greece:  Island  of  Eubcea, 
xvi,  720 ;  Saxony :  Frankenstein,  xvi,  720 ;  Styria :  Mitter- 
dorf,  xvi,  720. 

Magnesite  brick :  Rhode  Island,  xvi,  721 ;  Austria :  Steiermark, 
xvi,  721;  Greece:  Island  of  Euboea,  xvi,  721;  Styria:  Mit- 
terdorf,  xvi,  721. 

Magnetic  concentrates,  xvi,  620. 

Manganese-ore  (argentiferous) :  Arizona :  Cochise  county ; 
Tombstone,  xvii,  769;  North  Carolina:  Hiawassee  Valley, 
xvi,  846. 

Manufactured  magnesia,  xvi,  720. 

Mill-products:  concentrates  and  tailings  (mill-pulp)  from 
Frue  vanners  at  Combination  Mill,  Mont,  xviii,  249. 

Mitis  steel,  xx,  248. 

Muck-bar:  Pennsylvania:  Allegheny  county ;  Pittsburgh,  Car- 
bon Iron  Co.,  xvii,  679. 

Natural  gas:  xviii,  881 ;  NewYork:  Albany  county  ;  Knowers- 
ville,  xvi,  952, 953 ;  Chautauqua  county ;  Fredonia,  xvi,  922, 

New  mineral  (copper-silv.er-zinc) :  Montana:  Silver  Bow 
county ;  Butte,  xvi,  64. 
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Analyses  of — Continued, 

Nickel-ore :  Kansas :  Logan  county  ;  Russel  Springs,  xvii,  637. 

Nickel  sub-sulphide,  xvi,  118. 

Oyster-shells,  xvii,  467,  471. 

Petzite  (telluride  of  gold  and  silver),  Huronian  mine,  Ontario, 
Can.,  xviii,  439. 

Pig-copper ;  China :  Ping  Chuan  district,  xix,  593. 

Pig-iron,  xvi,  272 ;  xvii,  700 ;  xx,  249,  314 ;  Alabama :  North 
Birmingham  (mottled  and  white),  xvii,  64 ;  Maryland :  Bal- 
timore, Stickney,  xvii,  472 ;  Prince  George's  county,  Muir- 
kirk,  xvii,  469,  470 ;  New  York:  Duchess  county;  Amenia, 
Passaic,  xvii,  473 ;  Ohio :  Globe  brand,  xvii,  255 ;  Wellston 
brand,  xvii,  255 ;  Pennsylvania :  Montgomery  county ;  Potts- 
town,  Warwick,  xvii,  127;  Virginia:  Wythe  county,  Ivan- 
hoe  Furnace,  xix,  988. 

Portland  cement,  xvii,  251. 

Producer-gas,  xviii,  881. 

Pyrites,  raw  and  roasted,  xviii,  81  et  seq. 

Quick-lime,  xviii,  682. 

Rails  (see  analysis  of  steel  rails). 

Roll-scale :  Russia:  Government  of  Viatka,  Kuoinsk,  xvi,  351. 

Salt  (rock-salt):  Louisiana:  Petite  Anse  Island,  Avery,  xvii, 
110:  Algeria:  Jeb  el-Melah,  Ouled  Kebbah,  xvii,  110: 
Austria:  Hallstadt,  Wieliezka,  xvii,  110:  Bavaria:  Berchtes- 
gaden,  xvii,  110:  German  Lorraine:  Vic.  xvii,  110:  Ireland: 
Carrick-fergus,  xvii,  110:  Prussia:  Stassfurt,  xvii,  110: 
Santo  Domingo:  xvii,  110:  Tyrol:  Hall,  xvii,  110:  (from 
wells  and  lakes)  Michigan:  Saginaw,  xvii,  110:  New  York: 
Onondaga,  xvii,  110:  Ohio:  Hocking  Valley,  Pomeroy, 
xvii,  110:  Pennsylvania:  Pittsburgh, xvii,  110:  West  Virginia: 
Kanawha,  xvii,  110:  Canada:  Ontario,  Goderich,  xvii,  110: 
England:  Cheshire,  Droitwich,  xvii,  110:  German  Lorraine: 
Dieuze,  xvii,  110. 

Scorodite:  Wyoming:  Yellowstone  Park;  Joseph's  Coat 
Springs,  xvi,  801. 

Silica  bricks,  xvi,  707. 

Silver-lead  ore,  oxidized :  Colorado :  Ouray  county ;  Red 
Mountain  district,  xvi,  581. 

Silver-ore :  Arizofna :  Cochise  county.  Tombstone,  xvii,  769 ; 
Montana :  Deer  Lodge  county,  Combination  mine,  xviii,  247  ; 
Silver  Bow  county  ;  Rainbow  Lode,  xvi,  74 ;  Bolivia,S.  A. : 
Potosi,  xix,  90 :  China :  Ku-Shan-Tzu,  xix,  589 ;  Peru :  Cerro 
de  Pasco,  xvi,  748. 

Slags  :  Argo  (copper-smelting),  Arapahoe  county,  Colo.,  xviii. 
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Analyses  of— Slags,  Chntimied, 

63,  64 ;  Birmingham,  Jefferson  county,  Ala.,  xvi,  148;  Cro- 
ton  iron  mine,  Putnam  county,  N.  Y.,  xx,  120 ;  Lone  Elm 
furnace  (lead-smelting),  Jasper  county,  Mo.,  xviii,  685  et 
seq.;  Muirkirk,  Prince  George's  county,  Md.,  xvii,  470;  from 
open-hearth  steel  process,  Carbon  Iron  Co.,  Pittsburgh,  Pa., 
xvi,  714 ;  phosphate  slag,  xvii,  86  et  seq. ;  puddle-  and  reheat- 
ing-slags,  xx,  386 ;  puddle-slag  from  Wartsila,  Finland,  xvi, 
344 ;  from  tin-ore  smelting,  Indian  Archipelago,  xx,  81. 

Soapstone:  Montgomery  county,  Md.,  xviii,  406. 

Steel :  aluminous,  xviii,  558  et  seq, ;  Bessemer,  xvi,  272 ;  Clapp- 
Griffith,  xvi,  272 ;  at  Croton  magnetic  iron-mine,  N.  Y.,  xx, 
118  H  eeq, ;  Henderson,  xvii,  64 ;  Open-hearth ;  Carbon  Iron 
Co.,  Pittsburgh,  Pa.,  xvi,  715 ;  Siemens-Martin,  xvi,  272 ; 
Phoenix ville.  Pa.,  xviii,  88. 

Steel-rails,  xvii,  234, 237;  xix,  896. 

Steel-tires,  xix,  899. 

Tantalite  in  Black  Hills,  S.  Dak.,  Etta  mine,  xvii,  593. 

Tin-ores:  California:  xvii, 595;  South  Dakota:  Black  Hills,xviii, 
4et8eq.;  FirstFind(cassiterite),  xvii,  595;  Nigger  Hill  (stream- 
tin),  xvii,  596 ;  Occidental  (cassiterite),  xvii,  595  ;  Southern 
Hills  (stream-tin),  xvii,  596;  Tin  Mountain  (cassiterite), 
xvii,  595 ;  Bohemia :  Schlackenwald,  xvii,  595 ;  Tinnwald, 
xvii.  595;  Bolivia:  Tipuani,  xvii,  595;  England:  Cornwall, 
xvii,  595,  596 ;  Ireland :  Wicklow,  xvii,  595 ;  Malay  Penin- 
sula :  Kong  Loon  mines,  xx,  81 ;  Mexico :  Xeres,  xvii,  595 ; 
bweden :  Pinbo,  xvii,  595. 

Uintaite:  xviii,  575;  Utah:  Uintah  Mountains,  xvi,  163;  xvii, 
114. 

Volcanic  rocks :  Wyoming:  Yellowstone  Park ;  Madison  Plateau, 
Obsidian  Cliff,  xvi,  790. 

Waste  gas  from  blast-furnace,  xvii,  58,  59,  60,  78. 

Water;  for  sanitary  purposes,  xvii,  341;  unfit  for  use  in 
steam-boilers,  xvii,  353. 

Water-gas.  xvii,  300,  301 ;  xviii,  881 . 

Wrought-iron :  bar-iron,  xvi,  272;  bloom  and  loupe  from 
Wartsila,  Finland,  xvi,  345;  from  Russia,  xvi,  351,  352; 
ingot-iron,  xvi,  272. 

Zinc-ores :  Colorado:  Lake  county  ;  -Colonel  Sellers,  xviii,  173. 
Analysis,  methods  of:    for  gas,  xix,  130,  136;  for  open-hearth 

slag,  xix,  131. 
Analysis,  international  standards  of,  for  iron  and  steel,  xix,  614. 
Anchor  silver-mine,  Uintah  district.  Summit  county,  Utah,  xvi 

[5],  14. 
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Andersite  :  analysis  of,  xvi,  576 ;  in  Yellowstone  Park,  xvi,  786. 

Anderson  oil-well,  Bolivar  township,  Allegheny  county,  N.  Y. 
xvi,  934  et  seq. 

Andover  blast-furnace,  Stissex  county,  N.  J.,  xx  [216]. 

Andover  iron  mine,  Sussex  county,  N.  J.,  xx  [222]. 

Andrews,  Thomas,  remarks  in  discussion  of  Mr.  Hadfield's  paper 
on  aluminum-steel,  xix,  1079. 

Anemometer,  xvii,  66. 

Anglo-Canadian  asbestos-mine,  Black  Lake,  Quebec,  Can.,  xviii, 
326. 

Anglo-Saxon  gold-mine,  Calaveras  county,  Cal.,  xviii,  642. 

Animas  silver-mine,  Honduras,  C.  A.,  xx,  396. 

Animikie  in  Ontario,  Can.,  xvii,  294  et  seq, 

Anniston,  Calhoun  county,  Ala.,  visit  to,  xvii,  xxm. 

Annual  meetings  of  the  Institute :  at  Boston,  February,  1888,  xvi, 
xxviii;  at  New  York,  February,  1889,  xvii,  xxixi;  February, 
1891,  xix,  xocv  ;  Washington,  D.  C.,  February,  1890,  xviii,  xxx. 

Anthracite  and  Coke^  Separate  and  Mixedj  in  the  Warwick  Blast-Fur- 
nace  (E.  S.  Cook),  xvii  [pRxm],  124. 

Anthracite  (see  Coal) :  coal-area  of  the  United.  States,  xviii,  122 ; 
Bernice  coal-basin,  Sullivan  county.  Pa.,  xvii,  606  et  aeq. ;  free 
of  duty  in  Canada,  xvi,  141 ,  189 ;  at  Kohinoor  colliery,  Shen- 
andoah City,  Pa.,  xvi,  307;  in  Northwestern  Colorado,  xvii 
[377];  N.  W.  T.,  anthracite  coal,  xvi,  140;  Pottsville  basin. 
Pa.,  thickness  of,  xvii,  208 ;  preparation  and  handling  of,  at 
Cross  Creek  colliery,  Drifton,  Pa.,  xix,  398 :  preparation  and 
utilization  of  small  sizes  of,  xx,  613,  628;  receipt  of,  in  Duluth 
harbor,  xvi,  170, 196  ;  used  in  melter's  furnace,  Peking,  China, 
XX,  96. 

Anthracite-gas  :  analysis,  xviii,*869 ;  production  and  fuel-value, 
xviii,  865. 

Anthracite-mines,  amgunt  of  timber  used  in,  xvii,  265. 

Anthracite  waste,  gasification  of,  in  producers,  xx,  625. 

Antimony :  alloy,  xviii,  820 ;  deposit  of,  near  Garthby,  Quebec, 
xviii,  333 ;  phy9ical  tests  of,  xviii,  819. 

Antigonishe  county,  Nova  Scotia :  copper-ores,  xviii  [203] ;  red 
hematite,  xviii,  203. 

Antioquia,  Dept.  of,  U.  S.  Colombia,  S.  A.,  gold  gravels,  xviii,  210. 

Antrim  Iron  Co.,  Mancelona,  Antrim  county,  Mich.,  xx,  272. 

Antwerp  iron-ores,  Jefferson  county,  N.  Y.,  xvii  [747]. 

Apatite :  in  the  Black  Hills,  S.  Dak.,  xvii  [592]  ;  Canadian,  phos- 
phoric acid  in,  xvii,  87 ;  in  Ontario,  xvii,  299. 

Apex  silver-mine,  Uintah  district,  Summit  county,  Utah,  xvi 
[5],  14. 
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Apex  tunnel,  Aspen,  Colo.,  xvii  [171,  175]. 

Apollo  Iron  and  Steel  Co.,  Pittsburgh,  Pa.,  xx  [237]. 

Appalachian  coal-field  (bituminous),  xvii  [206]  ;  xviii  [123],  124. 

Appalachian  gold-belt,  xviii,  396. 

Appalachian  Valley,  iron-ore  in,  xix,  8. 

Apparatus :  for  circulating  extra  solution  for  lixiviation-plant,  xx, 
11;  for  experiments  in  reduction  of  iron-ore,  xvii,  286;  for 
handling  ingots  and  moulds  in  Bessemer  steel- works,  xx,  351 ; 
for  handling  iron  and  steel  plates,  xx,  347 ;  for  heating  stock- 
solution  at  Marsac  mill,  Park  City,  Utah,  xx,  8 ;  for  increasing 
the  rate  of  lixiviation.,  xx,  10;  for  raising  stock-solution  to 
storage-tanks,  xx,  8 :  for  rapid  reduction  of  ferric  solutions  in 
volumetric  analysis,  xvii,  413. 

Apparatus  for  the  ManipuUdixm  of  Iron  and  Sled  Plates  During  the 
Process  of  Finishing  (Cttrtis),  xx  [tett?],  347. 

Aqueduct,  New  Croton,  excavation  of,  xix,  705. 

Aragon  iron-mine,  Menominee  range,  Mich.,  xx,  188. 

Archaean  formation  in  the  Black  Hills,  S.  Dak.,  xvii,  570  et  seq, 

Archaean  granite  in  the  Sawatch  range,  and  at  Aspen,  Colo., 
xvii,  161  ei  seq. 

Archer  gas-producer,  xvii  [810]. 

Arc-system  of  electric  welding  and  metal-working,  xx,  249  dL 
seq, ;  Bernardos  process,  xx,  250 ;  Coffin  process,  xx,  250. 

Argand  steam-blower,  xx.  628  et  seq. 

Argentiferous  manganese-ores  of  'I'ombstone,  Arizona,  xvii,  767. 

Argentite :  in  Ontario,  Can.,  xvii  [294,  296]  ;  at  Rosurio  mine, 
Honduras,  xvii  [442], 

Argillites  in  Black  Hills,  8.  Dak.,  xvii  [498,  574]. 

Argo,  Colo. :  Boston  and  Colorado  Smelting  Co.,  methods  em- 
ployed at  works  of,  xviii,  61  et  seq. ;  smelter-returns  at,  xvi,  63. 

Arizona :  argentiferous  manganese-ores.  Tombstone  district,  xvii, 
767;  xviii,  910;  copper-production^  1884-90,  xix,  703  ;  water- 
storage,  xvii,  476;  Yavapai  county,  copper-deposits  of  copper- 
basin,  xvii,  479. 

Arizona  Copper  Co.'s  copper-mines,  Clifton  district,  Ariz.,  xix,  689. 

Arkansas :  anthracite,  xviii  [122] ;  coal-production  in  1887-^, 
xviii,  124 ;  Rush  creek,  zinc-ores,  xviii,  505. 

Arkansas  Valley  Oil  and  Land  Co.,  xx,  443. 

Armitage,  Henry  E.  :  Concentraihn  of  Low-Orade  Ores,  xviii  [xr], 
257. 

Armor  for  ships,  xix,  647. 

Armour  and  White  oil-wells,  Genessee  township,  Allegany  county, 
N.  Y.,  xvi  [928],  933. 

Arnold  Hill  iron-mine,  Clinton  county,  N.  Y.,  xvii  [747]. 
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Arnold,  J.  0. :  remarks  in  discussion  of  Mr.  Hadfi^ld's  paper  on 
aluminum-steel;  xix,  1088 ;  on  aluminum  in  steel  ingots,  xx 
[238]. 

Arsenic  :  determination  of,  note  on,  xvii,  77 ;  difficulty  of  elimi- 
nating by  roasting,  xviii,  62,457  ;  interference  with  determina- 
tion of  phosphorus  in  iron,  xviii,  714 ;  occurrence  of,  in  hot 
springs  of  Virginia  and  North  Carolina,  xvi,  801 ;  in  Ontario, 
Can.,  xvii  [294,  298] ;  presence  in  gold-ores,  Gilpin  county, 
Colo.,  xviii,  449 ;  vapor  of,  effect  on  gold,  xviii,  450. 

Arsenopyritc  :  in  Black  Hills,  S.  Dak.,  xvii  [498,  579,  593] :  in 
Ontario,  Can.,  xvii  [294]. 

Artesian  water,  flow  of,  from  Dakota  sandstones,  Florence  oil- 
field, Colo.,  XX,  453. 

Arvonian  rock  in  the  United  States,  xix,  7. 

Asbestos :  in  Black  Hills,  S.  Dak  ,  xvii  [498] ;  in  Hiawassee 
Valley,  xvi,  847 ;  in  Ontario.  Can.,  xvii  [294]. 

Asbestos-mines  :  eastern  Quebec,  Can.,  xviii  [318],  320  et  seq.; 
visit  to,  xviii,  xxviii. 

Ascension  theory  of  ore-deposits,  xvii  [448]. 

Ash :  in  Chattanooga  coke,  xvii,  142 ;  coke-ash,  analysis  of,  xvi, 
589. 

AsHBURNER,  Charles  A. :  Goal-Production  in  UtcJi,  xvi  [xviii],  356; 
The  Coal-Trade  and  Miners^  Wages  in  the  United  States  for  the  year 
1888,  xviii  [jcrt],  122;  The  Development  and  Statistics  of  the 
Alabama  Coal  Fields  for  1887,  xvii  [xocii'],  206;  The  Oeology  of 
Buffalo  a&  Related  to  Natural  Oas  Explorations  AUmg  the  Niagara 
River,  xvii  [xxvi],  398;  Natural-Gas  Explorations  in  the  Eastern 
Ontario  Peninsida,  xvii  [ocxv"],  290 ;  Petroleum  and  Natural  Gas 
in  New  York  State,  xvi  [xxv],  906 ;  on  the  geology  of  Bernice 
coal-basin,  xvii,  607 ;  biographical  notice  of,  xviii  [xxx],  365. 

Ashcroft,  Colo.,  xvii  [159]. 

Ashe  county,  N.  C,  sodium  arseniate  in  hot  spring  of,  xvi,  801. 

Ashland  iron-mine,  Gogebic  range,  Mich.,  xvi,  185  etseqr,  xvii, 
719. 

Ashland,  Wis.,  shipping-port  for  Gogebic  ores,  xvi,  172;  visit 
to,  xvi,  xxvii. 

Aspen,  Colo. :  early  history,  xvii,  158;  electricity  applied  to  min- 
ing work  at,  xvii,  558,563;  xix,  282;  xx,  318;  geology  of,  xviii, 
273;  Mining  and  Smelting  Co.,  xvii  [176,186, 189];  xx,316; 
ore  at,  an  altered 'limestone,  xvii,  204;  ore-deposits,  discovery 
of,  xvii,  158;  porphyry,  xvii,  168, 204 ;  theory  of  ore- formation 
at,  xvii,  204  et  seq. 

Aspen  Mining  and  Smelting  Co.,  Aspen,  Colo.,  silver-mines,  xx, 
316. 
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Aspen  Mountain,  Colo* :  geology  and  mines  of,  xvii,  156, 161 ;  geo- 
logical section,  xvii,  167, 168  ;  visit  to  mines  at,  xviii,  xxii. 

Aspen  silver-mine,  Aspen,  Colo.,  xvii,  161, 176,  193. 

Asphalt :  analyses  of,  xvii,  363,  364 ;  from  Cuba,  xvii,  362 ;  in 
Dakota  sandstones,  Colo.,  xx,  455  ;  used  in  ancient  times,  xvii 
[357] ;  from  Utah,  xvii  [115]. 

AaphaU  and  Its  Uses  (Greene),  xvii  [asrv],  355. 

Asphaltene  and  petrolene,  xvi,  164. 

Asphaltic  covering  for  iron-castings  and  pipes,  xx,  14. 

Asphaltic  limestone,  xviii,  577. 

Asphaltic  rock,  used  for  street-paving  in  Paris,  France,  xviii, 
.    577. 

Asphaltic  sands  in  California,  xviii  [578, 582]. 

Asphaitine,  xvii  [362]. 

Asphalt  Lake,  Trinidad,  xvii,  362. 

Asphalt-mastic,  xvii,  361, 374. 

Asphalt  pavement:  xvii,  357;  square  yards  of,  in  the  United 
States,  xvii,  366  ;  use  of  gilsonite  for,  xvi,  167. 

Asphaltum :  compared  with  other  bituminous  minerals,  xviii,  563: 
new  variety  of,  from  the  Uintah  Mountains,  Utah,  xvi,  162. 

Aspinwall  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi,  1 1. 

Assays  of  (see  also  analyses  of) :  bullion  from  Mount  Morgan, 
gold-mine,  Queensland,  xx,  151 ;  concentrated  magnetic  iron- 
ores,  Michigamme  iron-mine.  Lake  Superior,  xix,  69 ;  copper, 
xvii,  409;  electrolytic  assay  of  copper,  xvii,  406;  gold-ores, 
xvii,  13  et  aeq. ;  xx,  333,  334 ;  gold-quartz  from  Chinese  gold- 
mines, xix,  579,  581,  583,594;  gold  and  silver  bullion  from 
Rainbow  Lode,  Butte,  Mont.,  xvi,  74;  iron  matte,  xvi,  22; 
roasted  gold-ore,  xvi,  361 ;  xvii,  6,  12 ;  of  surface  rocks  for 
silver,  xvi,  58 ;  tin-ore  containing  columbite,  xvii,  634. 

Assay-methods  :  for  block  tin,  xviii,  3  et  aeq, ;  for  tin-slag,  xviii, 
40. 

Associates  made  members:  xvi,  xxm,  xxxi;  xvii,  a»:i,  xjctx,  xU; 
xviii,  xix,  xxviiiy  I;  xix,  xiv,  xv ;  xx,  brvii. 

Association  of  Gold  with  Other  Metals  in  the  West  (Pearce),  xviii 
[xaxci^,  447. 

Association  of  Minerals  in  the  Gkignon  Vein,  BtUU  CUy^  Montana 
(Pearce),  xvi  [xmt],  62. 

Atlantic  Coal  Co.,  Md.,  xviii  [130]. 

Atlantic  copper-mine.  Lake  Superior,  Mich.,  xvi,  190,  191 ;  xix, 
684  ;  cost  of  mining  at,  xvii,  578,  676. 

Atlas  works,  Pittsburgh,  Pa.,  xvii,  461,  470. 

Atmospheric  air,  weight  of  cubic  foot  of,  xvii,  100. 

Auriferous  sulphides,  chlorination  of  low  grades  of,  xvii,  313. 
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Auriferous  tin-veins  in  the  Black  Hills,  S.  Dak.,  xvii,  589. 
Aurora  iron-mine,  Gogebic  range,  Mich.,  xvi,  185  etseq,;  xvii, 

719. 
Austin,  W.  L.  :  Matting  Dry  Auriferous  Silver- Ores^  xvi  [xmi],  257. 
Australia :  first  discovery  of  gold,  xx,  463 ;  Queensland,  gold- 
mines, XX,  133 ;  Victoria,  Bendigo  gold-field,  xx,  463. 
Austria:     dolomite  and  dolomite   brick,  Chozanow,  xvi,  719; 

magnesite  and  magnesite  brick,  Steiermark,  xvi,  720. 
Automatic  Dumping  Cradles  for  Mine-Cars  (Munroe),  xvii  [xlii],  564. 
Automatic  ore-feeder,  TuUock,  xvii  [512], 
Automatic  slate-picker  at  Drifton,  Pa.,  xix,  424. 
Autumite  in  the  Black  Hills,  S.  Dak.,  xvii  [592]. 
Available  heat  of  combustion  of  blast-furnace  gases,  xvii,  79. 
Avalanc?ies  (Fernow),  xviii  [zxi^  583. 
Avalanches:    conditions  of,  xviii,  585;    losses  by,  xviii,  583; 

protection  against,  xviii,  591 ;  rescue  from,  xviii,  595.  • 
Avery  salt-mine,  Petite  Anse  Island,  Iberia  parish,  La.,  xvii,  107. 
Avondale  coal-mine,  Plymouth,  Luzerne  county.  Pa.,  xx  [658]. 
A  Y  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii  [146],  150  et 

seq. 
Azurite :  at  Copper  Basin,  Arizona,  xvii  [479]  ;  at  Rosario  mine, 

Honduras,  xvii  [442J. 
Bacillus  tuberculosis  in  water,  xvii,  346. 
Bagot  township.  Ontario,  Can.,  magnesite  iron-orcj  xvi,  140. 
Bag-process  for  collecting  fumes,  xviii,  674. 
Baker,  Chenago  Valley,  N.  Y.,  gas- well,  xvi,  958. 
Baker,  D.,  analysis  of  argentiferous  manganese-ore,  xvii,  769. 
Baker,  George  D.,  report  of  Clyde  gas-well,  Wayne  county,  N.  Y., 

xvi,  942. 
Baker  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 
Baldvt^in  iron-mines,  Quebec,  Can.,  xvi,  140. 
Ballarat  gold-mining  district,  Victoria,  Australia,  xx,  469  et  seq. 
Ballard  farm,  Wirt  township,  Allegany  county,  N,  Y.,  gas-well, 

xvi,  936. 
Ball,  C.  M.,  ;    The  BaUrNorton  Electro  Magnetic-Separator  xix  [v«], 

187. 
Ball'Norton  Electro  Magnetic-Separator  (Ball),  xix  [vii],  187. 
Ball-Norton  magnetic  ore-separator,  xix,  187,  663. 
Ball-Stamps  in  use  in  the  Black  Hills,  S.  Dak.,  xvii  [528]. 
Baltimore  iron-ore,  Maryland,  xvii;  463. 
Baltimore  tunnel  colliery,  Wilkes-Barre,  Pa.,  xx  [648]. 
Banca,  island  of,  Indian  Archipelago,  tin-mines  at,  xx,  50  et  seq. 
Banner  ore-banks  (magnetite),  Stokes  county,  N.  C,  xx,  184. 
Barber  asphalt,  or  Grahamite,  xvii,  374. 
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Barber  Asphalt  Paving  Co.,  Buffalo,  visit  to  works,  xvii,  xrix. 

Barber,  Commander  F.  M.,  remarks  in  discussion  of  Sir  Nathaniel 
Barnaby's  paper  on  iron  and  steel  ships,  xix,  651. 

Barium  oxide  in  porphyry  at  Aspen,  Colo.,  xvii,  204. 

Barnaby,  Sir  Nathaniel  :  The  Protection  of  Iron  and  Steel  Sdps 
against  Founderimj  from  Injury  to  their  Shells^  Including  the  use  of 
Armor,  xix  [xx],  638. 

Barnum  iron-mine,  Marquette  county,  Mich,  xvi,  174 ;  xvii  [718]. 

Barrel  chlorination  of  North  Carolina  gold-ores  xvii,  316  et  aeq. 

Barrel  system  of  chlorinating  gold-bearing  sulphides,  xvi,  360. 

Barrie  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 

Bartlett,  James  Herbert  :  The  Canadian  Iron  Trade^  xvi  [a:x«r], 
129. 

Bartlett,  Lewis  and,  bag-p^cess  of  coUectii^  lead  fumes,  xviii,674. 

Barton  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-wells, 
xvi',  936. 

Baryta :  in  the  Black  Hills,  S.  Dak.,  xvii  [593] ;  as  gangue  in 
silver-mines  of  Aspen,  Colo.,  xvii,  159 ;  in  Ontario,  Can.,  xvii 
[294]. 

Basalt :  in  Honduras,  Central  America,  xvii  [434] ;'  in  north- 
western Colorado,  xvii  [377]  ;  in  Yellowstone  Park,  xvi,  791. 

Basic  Bessemer  slag,  value  of,  as  fertilizer,  xix,  362,  533,  831  ; 
XX,  385. 

Basic  process  :  xvi,  718,  725;  xvii  [60];  chemical  equation  of, 
xix,  171 ;  German  practice,  xix,  533 ;  at  Horde,  Westphalia, 
xix,  364  et  seq;  importance  of,  in  Germany,  xix,  359;  open- 
hearth  furnaces,  xvi,  725 ;  at  Peine,  Hanover,  Germany,  xix, 
372 ;  at  Phoenix  Steel  Works,  Ruhrort,  Germany,  xix,  369, 
798  ;  product  of  1889,  xix,  850;  results  of  carburizing  metal 
by  Darby  process,  xix,  801. 

Basic-slag  crystals,  xvii  [89]. 

Basses  Creek  coal-mine,  Cumberland  county,  Tenn.,  xvii  [47]. 

Bassick  gold-  and  silver-mine,  Custer  county,  Colo.,  xvi,  833; 
xviii,  453  ;  xx  [146]. 

Bath,  N.  Y.,  gas-well,  xvi,  959. 

Bathe  open -hearth  furnace,  xvi,  704. 

Batteries,  electrical  storage,  xviii,  348. 

Battle  Creek  coal-mine,  Marion  county,  Tenri.,  xvii  [47]. 

Battle  Mountain,  Lake  county,  Colo.,  geology  of,  xviii  [154], 

Bayles,  James  C.  :  Explosions  from  Unknown  OattseSy  xix  [vw],  18  ; 
Spirally- Welded  Steel  Tubes,  xix  [xoadt],  1112;  SpiraUy- Welded 
Tubing^  xvi  [xxviii],  547 ;  remarks  in  discussion  of  Mr.  Yard- 
ley's  paper  on  specifications  for  cast-iron  coated  water-pipes* 
xviii,  664  ;  estimate  of  fuel-consumption  of  Southern  fur- 
naces, xvii,  140. 
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Beach  Glen  iron-mine,  Morris  county,  N.  J.,  concentration  at, 
xvii,  739. 

Beauxite :  alumina  obtained  from,  xviii,  562 ;  analyses  of,  xvi, 
906;  xviii,  562;  deposits  of,  in  Floyd  county,  Ga.,  xvi,  905 ; 
methods  of  purification,  xviii,  562. 

Beaver  county,  Utah,  silver-lead-mines,  xvi,  7. 

Bechtelsville,  Berks  county,  Pa.,  magnetic  concentration  of  iron- 
ore  at,  xix,  667. 

Beck  &  Bullion  silver-lead-mines,  Tintic  district,  Juab  county, 
Utah,  xvi,  9. 

Beck,  Dr.,  report  on  mineralogy  of  New  York,  xvi,  908. 

Becky  Nelson  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  184. 

Bedded  Ore-Deposits  of  Red  Mountain  Mining  Districty  Ouray  County, 
Colorado  (Kedzie),  xvi  [zxxvi],  570. 

Bedding-planes,  ore-deposits  on,  xvi,  812. 

Bedford  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 
Branch  coal-mine,  Marion  county,  Tenn.,  xvii  [47]. 
T,  Professor,  "  father  of  smelting  in  the  West,"  xviii,  56. 
t-hive  geyser,  Yellowstone  Park,  xvii,  451,  547  et  seq, 

Beekman  iron-mine,  Dutchess  county,  N.  Y.,  xvii  [748]. 

Beers  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  gas-well, 
xvi,  936. 

Belden  silver-mine.  Red  Cliff,  Eagle  county,  Colo.,  xviii  [172]. 

Belgian  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii  [167]. 

Bell  Company,  asbestos-mines  of,  Thetford,  Quebec,  Can.,  xviii, 
326. 

Bellevue  fan,  xx,  658, 675. 

Bell  and  Rector  stamp-mill,  Honduras,  C.  A.,  xx,  406. 

Bell,  Sir  Lowthian  :  On  the  Probable  Future  of  the  Manufacture  of 
Iron,  xix  [xx],  834;  remarks  in  discussion  of  Dr.  Dudley's 
paper  on  the  wear  of  metal,  xix,  909 ;  of  Mr.  Gay  ley's  paper 
on  American  blast-furnaces,  xix,  957,  988 ;  in  support  of  a 
resolution  in  honor  of  Prof.  von.  Tunner,  xix,  xxii  ;  on  blast- 
furnace process,  xvii,  283 ;  on  chemical  phenomena  of  iron- 
smelting,  xx  [279] ;  on  the  disadvantages  of  soft  coke  in 
blast-furnaces,  xvii  [147]  ;  on  the  manufacture  of  aluminum, 
xix,  1043. 

Belmont  Bessemer  Ore  Co.,  Ontario,  Can.,  xx,  174. 

Belmont  iron-mine  (magnetite),  Peterboro  county,  Ontario,  Can», 
xvi,  140 ;  xix,  30 ;  xx,  172. 

Belt  copper-mine,  Ontonagon  county,  Mich.,  xix,  702. 

Bendigo  Oold-Field  (Rickard),  xx  [Ixiv'],  463,  772. 

Bendigo  gold-field,  Victoria,  Australia:  deep-mining  at,  xx,  538; 
description  of,  xx,  466;  geology  of,  xx,  475;  mine-manage- 
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Bendigo — Continued, 

ment,  xx,  529 ;  quartz  reefs  of,  xx,  478 ;  ripple-markings  at, 
XX,  622;  statistics  of  production,  xx,  470;  underground  phe- 
nomena at,  XX,  498. 

Benson  iron-mines,  St.  Lawrence  county,  N.  Y.,  magnetic  con- 
centration at,  xix,  192,  663,  666. 

Benton  formation  in  Florence  oil-field,  Colo.,  xx,  449. 

Berchtesgaden  salt-mine,  Berchtesgaden,  Bavaria,  xvii  [110], 

Bebgier,  R.  a.  :  An  Improved  French  Pocket-Compass,  xviii  [xx]^  97. 

Bernardos  process  of  electric  arc-welding,  xx,  250. 

Bernice  anthracite  coal :  analyses  of,  xvii,  610,  615 ;  properties 
and  method  of  mining,  xvii,  612. 

Bernice  anthracite  coal-basin,  Sullivan  county,  Pa.,  xvii,  606. 

Bernice  breaker,  peculiar  crushing  apparatus,  xvii,  613. 

Bertensha^v  and  McFarland  bumping-tables,  xvii  [541]. 

Bertha  zinc-mines,  Wythe  county,  Va.,  mining  by  stripping, 
xviii,  632. 

Berthier:  analysis  of  salt,  xvii,  110;  on  dry  assay  of  tin-ores, 
xviii,  31,  39. 

Bertrand  silver-mine.  Secret  Cafion,  Eureka  county,  Nev.,  xvi,  372. 

Beryl  in  the  Black  Hills,  S.  Dak.,  xvii,  593. 

Bessemer  Coal  and  Coke  Co.,  Bessemer,  Ala.,  xvii,  225. 

Bessemer  iron-ore,  Vermilion  district,  Minn.,  xvi,  181. 

Bessemer  iron-mine,  Gogebic  range,  Lake  Superior,  xvii,  719. 

Bessemerizing  copper-mattes,  xviii  [70]. 

Bessemer  Medal,  presentation  of,  to  Mr.  A.  S.  Hewitt :  address  of 
Sir  James  Kitson,  President  of  the  Iron  and  Steel  Institute 
xix  [xzxi],515]  Mr.  Hewitt's  reply,  xix  [xxxi},  517. 

Bessemer  process  :  account  of  discovery,  xix,  810:  advantage  of 
unfired  soaking-pits,  xix,  538;  American  practice  of,  xix, 
1120;  carburizing  apparatus  for,  xix,  794;  casting-ladles  used 
in  Germany,  xix,  528;  comparison  with  open-hearth  process, 
xvi,  693 ;  converter  bottom  and  linings,  xix  [372] ;  Darby 
process  of  recarburization,  xix,  790 ;  German  practice,  xix, 
331,  523 ;  importance  of,  xix,  518 ;  sulphur  in  Bessemer  steel, 
xix,  544. 

Bessemer,  Sir  Henry  :  autograph  letter  from,  containing  accounts 
of  discovery  of  Bessemer  process,  xix,  810;  letter  accompany- 
ing gift  of  his  portrait  to  the  Am.  Society  of  Mechanical  En- 
gineers, XX,  xz. 

Bessemer  steel :  xvi,  272  ;  analyses -of,  xix,  545,  546, 930 ;  produc- 
tion of  ingots  in  Great  Britain  in  1889,  xix,  831 ;  sulphur  in, 
xix,  544 ;  unreliability  of,  for  structural  purposes,  xix,  929  et 
seq. 
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Bessemer  steel  rails ;  xvii,  226 ;  specifications  for,  x vii,  238. 

Bessemer  steel- works,  apparatus  for  handling  ingots  and  moulds 
in,  XX,  351, 

Bestwood  colliery,  Nottingham,  England,  xvii  [430,  432]. 

Betty  Baker  copper  mine,  Carroll  county,  Va.,  xx,  214. 

Beuthen,  Upper  Silesia,  Germany,  coal-mines,  xx,  356. 

Bibb  county,  Ala. :  coal-mines  and  seams,  xvii,  209  ti  aeq. ;  coal- 
production  in  1887,  xvii,  207,  210. 

Big  Horn  county,  Wyoming,  resources  of,  xix,  49. 

Big  Stone  Gap  iron-mine,  Wise  county,  Va.,  xix,  1023. 

Big  Vein  Coal  Co.,  Md.,  xviii  [130]. 

Bilbao  iron-district,  Spain,  comparison  of,  with  Lake  Superior  dis- 
trict, xvi,  174  et  seq. 

Billings,  G.  H.  :  Coal  vs.  Oil  in  the  Puddling  Furnace  and  in  Raising 
Steaviy  xvii  [xxxit],  808. 

Billiton,  island  of,  Indian  Archipelago,  tin-mines  at,  xx,  50  et  seq. 

Bi-Metallic  silver-mine,  Deer  Lodge  county,  Mont.,  xviii,  243, 

Bingham  Canon,  Salt  Lake  County,  Utah,  silver-lead  mines,  xvi 
[3,6]  11,17,21,25. 

Biographical  Notice  of  Charles  A,  Ashhurner  (Lesley),  xviii  [axe],  365. 

Biographical  Notice  of  Bryon  W.  Cheever  (Pettee),  xvi,  888 ;  xvii 
[xix]. 

Biographical  Notice  of  George  JET.  Cook  (Smock),  xviii  [xxv],  218. 

Bio^-aphical  Notice  of  Franklin  B.  Gowen  (Coxe).  xviii  \xxx],  618. 

Biographical  Notice  of  William  R  Jones  (Raymond),  xviii  [xxr],  621. 

Biographical  Notice  of  Erich  C  Schavfuss  (Bowden),  xvii  [iKcr/],  419. 

Biographical  Notice  of  William  H.  Scranton  (Raymond),  xviii  [xxi?], 
213. 

Biotite  in  Sumatra,  xx  [60]. 

Birch  Diggings,  Jasper  county.  Mo.,  lead-deposits,  xviii,  677. 

"  Bird-eye  "  iron-ore,  Danville,  Pa.,  xx.,  372. 

BiRKiNBiNE,  John:  Crystalline  Magnetite  in  the  Port  Henry y  New 
York,  Mines,  xviii  [a^jrxi],  747 ;  The  Fuel  Supply  of  the  United 
Stales  (Presidential  address  at  Glen  Summit),  xx  [Ixii],  409 1 
Progress  in  Magnetic  Concentration  of  Iron-Ores,  xix  [x],  656; 
Prominent  Sources  of  Iron- Ore  Supply,  xvii  [xliii]^  715;  The  Re- 
sources of  the  Lake  Superior  Region,  xvi  [xxvi'],  168 ;  remarks  in 
discussion  of  American  blast-furnace  practice,  xx,  266,  277 ; 
of  Mr.  Gayley's  paper  on  American  blastfurnaces,  xix.,  992 ; 
of  Mr.  Keep's  paper  on  manganese  in  cast-iron,  xx,  315 ;  of 
magnetic  concentration  of  iron-ore,  xx,  595  ;  of  Prof.  Smock's 
paper  on  iron-mining  in  New  Jersey,  xx,  224,  225,  227  ;  report 
on  Croton  iron  mines,  xx  [603];  on  roasting-kilns  for  carbon- 
ate ores,  xvii  [275]. 
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BiRKiNBiNE,  John,  and  Edison,  Thomas  A. :  The  Concentration  of 
Iron- Ore,  xvii  [xxxi],  728. 

Birmingham,  Ala.  (see  also  North  Birmingham)  :  improved  blast- 
furnace practice  at,  xvii,  151 ;  iron-ores  and  fuels  of,  xvii, 
151 ;  pig-iron,  grading  of,  xvii,  94. 

Bisbee  copper  district,  Ariz.,  xix,  689. 

Bischof,  analysis  of  salt,  xvii,  110. 

Bismuth  :  in  gold-ore.  Gilpin  county,  Colo.,  xviii  [449]  ;  tellu- 
ride  of,  in  Maryland  gold-field,  xviii,  407. 

Bisulphide  of  iron  :  in  Charlemont,  Mass.,  xix  [695] ;  in  Louisa 
county,  Va.,  xix  [695]. 

Bitite  :  xvii,  364 ;  used  as  an  insulator,  xvii  [563]. 

Bitume  factice,  xvii  [373]. 

Bitumen  :  defined,  xvii,  357 ;  classified,  xvii,  358 ;  place  in  the 
hydrocarbon  series,  xviii,  565  et  6eq. 

Bituminous  cement,  xvii,  356. 

Bituminous  coal :  analyses  (see  analyses  of  coal) ;  area  of,  in  the 
United  States,  xviii,  123 ;  in  North  China,  xvi,  95  ;  occurrence 
of  pyrites  in,  xvi,  539;  production  in  Utah  in  1886,  xvi,  356; 
in  western  Kentucky,  xvi,  581. 

Bituminous  coal-measures  in  Pa.,  thickness  of,  xvii,  208. 

Bituminous  coal-mines,  consumption  of  timber  in,  xvii,  265. 

Bituminous  compounds,  xviii,  577. 

Bituminous  limestones,  xvii,  360. 

Bituminous  sandstones,  xvii,  360. 

Blackband  iron-ore:  in  Muhlenberg  county,  Ky.,  xvi,  535;  in 
Pictou  county.  Nova  Scotia,  xviii,  201, 

Black  Canon  of  the  Gunnison,  visit  to,  xvi,  ocxU. 

Black  Creek  coal-seam,  Newcastle,  Jefferson  county,  Ala.,  xvii, 
153,  215. 

Black  Diamond  Coal  Co..  Patton,  Walker  county,  Ala.,  xvii  [219]. 

Black  Diamond  Steel  Works,  Park,  Brother  <fe  Co.,  Pittsburgh, 
Pa.,  visit  to,  xix,  xxiv. 

Black  Hills,  S.  Dakota:  block-tin,  analyses  of,  xvii,  596;  geo- 
logical structure,  xvii,  570;  gold-deposits  of  Archaean  age, 
xvii,  571,  573,  587;  gold-ores  and  gold-milling,  xvii,  498 
Homestake  ore  compared  with  Rammelsberg  ore,  xvii,  575  ; 
gold  yield,  xvii,  498,  538 ;  metallurgical  treatment  of  ores, 
xvii,  588;  ore-deposits,  xvii,  570;  stamp-mills,  cost  of  labor 
in,  xvii,  532;  tin-deposits,  xviii,  3;  tin-ores,  xvii,  588  et  seq.; 
yield  of  tin,  xvii,  598. 

Black  Hills,  Wyoming,  resources  of,  xix,  49. 

Black  Lake  Asbestos-mines,  Quebec,  Can.,  xviii,  323  et  seq. 

Black  Rock,  Niagara  county,  N.  Y.,  corniferous  limestone,  xvi,  921* 
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Black-tin,  testing  assay-methods  for,  xviii,  3  d  seq. 

Blairton  iron-mine,  Blairton,  Peterboro  county,  Can.,  xix,  31. 

Blake  crusher :  xvi,  753 ;  xvii  [509,  606] ;  xx  [387]  ;  at  Bonne 
Terre,  Mo.,.xvii,  666 ;  capacity  of,  xviii,  282 ;  eccentric-  and 
lever-patterns  compared,  xviii,  263. 

Blake  Pump-works,  visit  to,  xvi,  xxxvii» 

BlaJce  Syatem  of  Fine  Cnishing  and  it8  Economic  RemUs  (Blake),  xvi 
[ascxrw*],  763. 

Blake,  Theodore  A. :  The  Blake  System  of  Fine  Crushing  and  its 
Economic  ResuUsj  xvi  [xxxvit]^  753 ;  on  fine  crushing  of  iron- 
ore,  xvii  [733].. 

Blake,  William  P. :  Copper-Deposits  of  Copper  Basin,  Arizona,  and 
their  Origin,  xvii  \xocxit],  479 ;  Note  on  the  Use  of  Aluminum 
in  the  Construction  of  Instruments  of  Precision,  xviii  [.'kcxi],  503 ; 
Note  Upon  Some  Results  of  the  Storage  of  Water  in  Arizona,  xvii 
[xliii],  476 :  The  Rainbow  Lode,  Butte  City,  Montana,  xvi  [xm/], 
65 ;  Silver- Mining  and  Milling  at  BvMe,  Montana,  xvi  [xviii],  38  ; 
Wurtzilite  from  the  Uintah  Mountains,  xviii  [xlvit],  497 ;  Uintaite, 
AJJbertite,  Grahamite  and  Asphaltum  Described  and  Compared, 
toith  Observations  on  Bitumen  and  its  Compounds,  xviii  [xloii], 
563 ;  remarks  in  discussion  of  paper  by  Carpenter  and  Head- 
den  on  the  influence  of  columbite  on  tin-assay,  xvii,  785 ; 
on  argentiferous  manganese-ores  and  geology  of  Tombstone 
district,  Arizona,  xvii  [767],  770;  on  the  effect  of  columbite 
on  metallurgy  of  tin,  xvii,  633;  on  tin  of  Black  Hills,  S.  Dak., 
xvii  [589,  590]. 

Blanchet  system  of  pneumatic  hoisting  at  Epinac  colliery,  Sa6ne 
et  Loire,  France,  xix,  109. 

Blanco  silver-mine,  Honduras,  C.  A.^  xx,  405. 

Blanket-sluices  at  Comstock  lode.  Storey  county,  Nev.,  xix,  209. 

Blast-furnace  practice:  auxiliary  combination-chamber,  xvii, 
97  ;  Bell's  objection  to  soft  coke,  xvii,  147,  148  ;  blast-unit  in 
iron  blast  furnace,  xx,  258 ;  blowing-in  of  large  furnaces,  xx, 
262  et  seq,;  charging-bells,  new  device  for  operating,  xvi,  536; 
chemical  changes  in,  xix,  842  ;  eoal  vs,  coke  as  fuel,  xix,  964 ; 
comparison  of  conditions  in  blast  and  reverberatory  furnace 
for  treating  gold-  and  silver-ores,  xix,  843;  comparison  of 
heat-requirements  in  English  and  American  furnaces,  xix, 
959;  composition  of  ore-bed  prepared  for  charging,  at 
Horde,  Germany,  xix,  347  ;  cooling  of  the  hearth  at  Gelsen- 
kirchen,  Germany,  xix,  342;  daily  production  of  pig-iron  at 
German  furnaces,  xix,  346  et  seq,;  descent  of  charge,  xvi, 
149;  development  in  America,  xix,  932;  effect  of  hot-blast  on 
silicon,  XX,  259 ;  effect  of  velocity  and  tensi  on  of  gases,  xvii, 


24  TRANS.   AM.   INSTITUTE  OF   MININC?  ENGINEERS. 
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282  ;  experiments  on  gases,  xx,  280;  filling  and  blowing  in  of 
Durham  furnace,  xviii,  379 ;  fuel,  xvii,  96 ;  German  practice, 
xix,  339;  improved  practice  in  Birminghaip  district,  Ala., 
xvii,  151 ;  invention  of  process  of,  xix,  837 ;  large  yields,  xix, 
932;  open-hearth  metal,  xix,  374;  peculiar  working  of  a 
blast-furnace,  xviii,  427 :  production  of  aluminous  phosphatic 
slag  for  fertilizer,  xviii,  652 ;  relative  economy  of  large  vs. 
small  furnaces  on  Alabama  material,  xvii,  135  et  seq, ;  sulphate 
of  potash  saved  from  flue-dust,  xix,  352 ;  temperature  of 
blast  in  German  works,  xix,  342 ;  temperature  of  blast  in  iron 
blast-furnace,  xx,  258;  use  of  finely-divided  iron-ore,  xvii, 
731 ;  utilization  of  gases  in  Germany,  xix,  344 ;  waste  gas  used 
as  fuel  for  steam-boilers,  xvii,  50 ;  at  West  Cumberland,  Eng- 
land, xix,  975. 

Blast-furnaces :  American  practice,  xx,  255 ;  construction  in 
America,  xix,  932 ;  construction  in  Germany,  xix,  331  ;  first 
iron,  in  America,  xx,  205;  fuel-consumption  in,  xx,  255  etaeq,  ; 
relation  between  size  and  product,  xx,  2^4et8eq,;  technical 
terms  relating  to,  in  English,  French  and  German,  xvi,  319 ; 
thickness  of  roof  and  walls,  xx,  227  ;  use  of  magnetic  concen- 
trates in,  xx,  584  et  seq,  Blast-Furnaces  of  the  United 
States  :  Alabama  :  Bibb  county  ;  Woodstock,  Edwards,  xvii 
[222];  Calhoun  county;  Anniston,  xvii,  216  [222];  Colbert 
county  ;  Hattie,  xx,  270 ;  Sheffield,  xvii  [222]  ;  Etowah  county ; 
Gadsden,  xvii  [222] ;  Jefferson  county ;  Alice,  xvii  [222];  Besse- 
mer, xvii  [222] ;  Birmingham,  xvii,  143  ;  Ensley,  xvii,  136  et  seq. 
[152,  222] ;  Mary  Pratt,  xvii  [152,  153,  222] ;  Oxmoor,  Eureka, 
xvii  [222] ;  Sloss,  xvii,  211  ei  seq. ;  Tennessee  Coal,  Iron  and  Rail- 
way Co.,  Ensley,  XX,  257;  Trussville,  xvii  [xmt];  Williamson, 
xvii  [212, 222] ;  Woodward,  xvii  [141, 153, 222] ;  CoJmado :  Lead- 
ville,  Harrison  Reduction  Works,  xx,  167 ;  Idaho :  Washington 
county;  Mineral, matting  silver-ore  in, xx, 546;  JMinoM;  Cook 
county  ;  Illinois  Steel  Co.,  South  Works,  xx,  286  et  seq. ;  Union 
Works,  xvii,  756;  xix,  972 ;  xx,  281  et  seq, ;  North  Chicago  Roll- 
ing  Mill  Co.,  xvii,  756;  xix,  969;  South  Chicago,  xvii,  144;  Will 
county;  Joliet,  Ethel,  xvii,  285;  Maryland:  Baltimore,  Stick- 
ney,xvii,  471 ;  Prince  George's  county;  Muirkirk,  xvii, 460, 468 ; 
Michigan :  Antrim  county ;  Antrim,  xx,  272 ;  Van  Buren  county ; 
Bangor,  Spring  Lake,  xix,  992 ;  Wayne  county ;  Union  Iron 
Co.,  XX,  274 ;  Missouri :  Crawford  county ;  Midland,  xvii  [756]  ; 
St.  Louis,  Western  Steel  Co.,  Jupiter,  xx,  257 ;  New  Jersey : 
Burlington  county  ;  Mount  Holly,  xx  [216] ;  Hudson  count}- ; 
Secaucus,  xx  [592] ;  Morris  county ;  Charlotteburg,  xx  [216]  ; 
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Stirling,  xx  [216]  ;  Sussex  county ;  Andover,  xir  [216]  ;  Stan- 
hope, Musconetcong,  xviii,  86 ;  Warren  county  :  Oxford  Iron 
and  Nail  Co.,  xviii  [214];  xx,  21&  etseq,;  NewYork:  Dutchess 
county ;  Amenia,  Wassaic,  xvii,  469, 472 ;  Essex  county ;  Port 
Henry,  xx,  277,  599;  Oneida  county ;  Franklin,  xvii  [748] ; 
XX,  261;  Kirkland,  xvii  [7481;  Ohio:  Cuyahoga  county; 
Cleveland,  Cleveland  Rolling  Mill,  xvii  [150] ;  xx,  256 ;  Jeffer- 
son county ;  Steubenville,  xx,  256 ;  Mahoning  county ;  Brown, 
Bonnell  &  Co.,  xx,  273;  Struthers,  xix,  932;  Pennsylvania: 
Allegheny  county;  Pittsburgh,  Edgar  Thompson,  xvii  [150]  ; 
xix,  674,  932;  xx,  262  etseq,;  Isabella,  xvii  [150];  xix,  934; 
XX  [255],  273 ;  Lucy,  xvii  [150] ;  xix,  934 ;  Berks  county ;  E. 
and  G.  Brooke  Iron  Co.,  xviii,  427 ;  Bucks  county,  Durham, 
xvii  [102],  xviii,  379 ;  xx,  [274];  Cameron  county,  Emporium, 
Cameron,  xviii,  434 ;  Chester  county,  Phoenixville,  Phoenix, 
xviii,  88 ;  Dauphin  county  ;  Steelton,  Pennsylvania  Steel  Co., 
xvii  [150] ;  xx  [228] ;  Lackawanna  county ;  Scranton,  xvii 
[731];  Lackawanna  Iron  and  Coal  Co.,  xx,  585;  Mifflin 
county ;  Emma,  xx,  269 ;  Montgomery  county ;  Pottstown 
Iron  Co.,  XX,  584;  Pottstown,  Warwick,  xvii,  124,389;  xix, 
763  et  seq. ;  xx,  588 ;  Virginia :  Alleghany  county  ;  Long  Dale, 
xvii  [124];  Low  Moor,  xvii  [124];  Page  county;  Catherine, 
XX  [206];  Pulaski  county;  Pulaski,  xx,  212 ;  Wythe  county ; 
Ivanhoe,  xix,  986 ;  Wisconsin  •  Ashland  county ;  Hinkle,  xix, 
993  et  seq.  Other  Countries:  Amtria:  Eisenerz,  Wrbna, 
xvii  [756] ;  Hieflau,  Ferdinand,  xvii  [756] ;  Treibach,  xvii 
[756,  757] ;  China:  Mongolian  silver-mines,  xx,  93 ;  England: 
Cleveland,  xix,  958  el  seq.;  Ferry  Hill,  xvii  [143,  149]  ;  Lan- 
cashire, N.  Lonsdale,  xvii  [756];  Middlesbrough,  xvii  [143, 
149];  Newport,  xvii  [756];  Germany:  Gelsei^irchen,  xix 
[342]  ;  Upper  Silesia ;  Friedenshiitte,  xix,  340 ;  Ruhrort,  Phoe- 
nix, xix,  369,  798 ;  Westphalia,  Horde,  xix,  340  et  seq. 

Blast-furnace  cinder,  silica  determinations  in,  xvi,  89. 

Blast-furnace  gases :  analyses  of,  xvii,  78,  79 ;  available  heat  for 
firing  boilers,  xvii,  78. 

Blast-furnace  lines,  xvii,  754. 

Blast-furnace  slag :  as  cement,  xix,  350 ;  as  fertilizer,  xix,  362, 
533,  831 ;  treatment  of,  at  Horde,  Germany,  xix,  362. 

Blasting-powders,  tests  of,  xviii,  370,  515. 

Blauvelt  gold-mine,  Lancaster  county,  S.  C,  xvi,  755. 

Blauvelt,  W.  H.  :  The  Utilization  of  Anthracite  Waste  by  Oasification 
in  Producers,  xx  [Ixiii]^  625;  remarks  in  discussion  of  Mr. 
Goetz's  paper  on  fuel-gas,  xviii,  614. 
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Blind  Tom  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  159. 

"  Block  "  pavements  of  asphalt,  xvii  [371]. 

Blocton,  Bibb  county,  Ala. :  coal-mines  and  seams,  xvii,  209  et  seq.; 

visit  to,  xvii,  xxiii. 
Bloomary  fire,  French  and  German  equivalents  for,  xvi,  314. 
Bloomary,  high,  for  producing  iron  and  steel  direct  from  ore,  xvi, 

334. 
Blooms:  analyses  of,  xvii,  679;  Husgafvel;   cost  of,  xvi,  344; 

shingled,  average  production  of,  xvi,  353. 
Bloomfield,  Ontario  county,  N.  Y.  gas-well,  xvi,  948. 
Bloom-rolls,  speed  of  running,  xvii,  426. 
Bloom-shears  in  German  steel  works,  xix,  536. 
Blow,  A.  A. :  The  Geology  and  Ore-Deposits  of  Iron  HiU,  LeadviUe, 

Colo.y  xviii  [aa;],  145. 
Blow-holes :   lessened  in  cast-iron  by  phosphorus  and  silicon, 

xviii,  465 ;  prevented  by  aluminum  in  wrought-iron  castings, 

xviii,  841 ;  in  steel  castings,  xviii,  852  ei  seq. 
Blowing-in :  of  Durham  blast-furnace,  Riegelsville,  Pa.,  xviii,  379 ; 

of  Keystone  blast-furnace,  Birdsboro,  Pa.,  xviii,  429. 
Blue  Bird  mine  and  mill,  Butte,  Silver  Bow  county,  Mont,  xvi,  38 

et  seq. ;  55,  470 ;  visit  to,  xvi,  xzii. 
Blue  Creek,  Birmingham  district,  Ala. :  analysis  of  coke,  xvii,  154 ; 

coal-mines,  xvii,  xxiii  [224]. 
Blue  Lead,  Black  Hills,  S.  Dak.,  "gossan "-ore  at^  xvii,  581. 
Blue-powder  from  lead- works  :  analyses,  xviii,  691,  692 ;  utiliza- 
tion of,  xviii,  679. 
Blue  Ridge,  Va. :  brown  ores  of,  xx,  211 ;  iron-ores,  xix,  1026 ; 

ruins  of  old  furnaces,  xx,  211. 
Blum  on  phosphate- slag,  xvii  [89]. 
Board  iron-mines,  Passaic  county,  N,  J.,  xx  [222]. 
Bob  IngersoU  tin-deposit,  Black  Hills,  S.  Dak.,  xvii  [592]. 
Bob's  Ridge,  Greenbriar  county,  W.  Va.,  xvii,  116  et  seq, 
Bocaneme  silver-mines,  Dept.  of  Tolima,  Colombia,  S.  A.,  xviii, 

212. 
Bocona  gold-mine,  Colombia,  S.  A.,  xviii,  211. 
Bof(yrs  Sled  Cast  Guns  (Michaelis),  xvi  [axwx],  557. 
Bofors  Steel-works,  Sweden,  xvi,  557. 
Bog  iron-ore:  analyses,  xviii,  268;   in  Canada,  xvi,  130;    xvii 

[294];   in  New  Brunswick,  xvi,  140;  in  Nova  Scotia,  xviii, 

199;. in  process  of  formation,  xviii,  268;  in  Red  Mountain 

district,  Ouray  county,  Colo.,  xvi,  575. 
Boiler-firing  with  gaseous  fuel,  xviii  [613],  875. 
Boiler  fuel,  water-gas  as,  xvii,  300. 
Boiler  incrustations :  cause  of,  xvii,  350 ;  preventatives,  xvii,  351. 
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Boiler-scale :  analyses  of,  xvii,  362 ;  resolvent,  xvii,  354. 

Boilers  for  lixiviation-plant,  xx,  13. 

Boiling-point  of  geyser  waters  in  Yellowstone  Park,  xvii,  551. 

Bolivia,  S.  A.,  Potosi  silver  district,  xix,  74. 

Bolivar  township,  Allegany  county,  N.  Y.,  oil  and  gas,  xvi  [929], 

932. 
Bolts,  method  of  fastening  castings  ahd  flanges  to  tanks  by,  xx,  14. 
Bonanza  gold-mine,  Sonora,  Tuolumne  county,  CaL,  xviii,  642. 
Bonnybel  silver-mine.  Aspen,  Colo.,  xvii,  171  et  seq. 
Booth,  Franklin,  experiments  with  oxidizing-roasting  of  Murchie 

pyrite,  xvii,  6. 
Booth,  Garrett,  and  Blair,  analyses  of  Wassaic  ore,  xvii,  472. 
Boring  for  tin-ore  in  Indian  Archipelago,  xx,  77. 
Bomite  in  copper- veins,  Butte,  Mont.,  xvi,  62,  64. 
Boron  associated  with  tin  in  the  Black  Hills,  S.  Dak.,  xvii  [593]. 
Borronicki  on  phosphate-slag,  xvii  [89]. 
Boss  silver-lead-mine,  Uintah  district,  Summit  county,  Utah, 

xvi,  14. 
Boston  and  Arizona  Smelting  and  Reduction  Co.,  xvii,  771. 
Boston  and  Colorado  Smelting  Co. :  works  at  Argo,  Colo.,  xviii, 

61  [443],  450;  visit  to,  xviii,  oczi;  old  works  at  Black  Hawk, 

Colo.,  xviii,  55,  56,  61. 
Boston  Heating  Company:  description  of  plant,  xvi,  870;  visit 

to  works,  xvi,  xxxvii, 
Boston,  Mass.,  visits  to  Institute  of  Technology,  Natural  History 

Society,  etc.,  xvi,  xxxvii. 
Boston  silver-mine.  Silver  Bow  county,  Mont.,  xvi,  69. 
Boulder  county,  Colo. :  iron  resources  of,  xviii,  266 ;  vein  phe- 
nomena, xix,  547. 
BowDEN,  J.  H. :  Biographical  Notice  of  Erich  C,  SchaufiisSy  xvii  [pcxxi], 

419;  Tandem  Tanks  for  Hoisting  Water  from  Flooded  Slopes,  xx. 

[Wt?],  343. 
Boiven,  H.  C,  analyses  of  asphalt,  xvii,  363,  364. 
Boiv  River  coal-mines,  Manitoba,  Can.,  xviii,  314. 
BowRON,  William  M.  :  The  Cost  of  a  Ton  of  Pig-Iron  in  the  Seqaojchee 

Valley^  xvii  [an'x],  45. 
Boxelder  county,  Utah,  mining  districts,  xvi,  9. 
Boxes  for  chemicals  for  lixiviation-plant,  xx,  6. 
BoYER,  Jerome  L.,  remarks  in  discussion  of  preparation  of  small 

sizes  of  anthracite,  xx,  622. 
Boyle  on  volatility  of  gold,  xvii  [8]. 

Bradford  oil-district,  McKean  county,  Pa.,  xvi,  906, 927  [939,  940] 
Bradley  &  Co.,  gas-well,  Bolivar  township,  Allegany  county,  N. 

Y.,  xvi,  932. 
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Bradsha^v  mining  district,  Beaver  county,  Utah,  xvi  [9]. 

Brainerd,  Alfred  F.  :  Henderson  Stedy  xvii  [xix],  60;  A  JSew  Dis- 
covery of  Carbonate  Iron-Ore  at  Enterprise,  Miss.,  xvi  [i^xr],  146 ; 
Notes  on  the  Iron- Ores,  Fuds  and  Improved  Blast-Fumace  Practice 
of  the  Birmingham  District,  xvii  [xxit],  161 ;  remarks  in  discus- 
sion of  Mr.  Gordon's  paper  on  large  furnaces  on  Alabama 
material,  xvii,  141 ;  analyses  of  Alabama  coals,  xvii,  213, 224, 
225 ;  analyses  of  iron-ores,  limestones  and  cokes,  xvii,  137, 
138,  153, 154 ;  on  phosphorus  in  Alabama  pig-iron,  xvii  [92]. 

Brake  coal-mine,  JeflFerson  county,  Ala.,  xvii  [214]. 

Brea  classified  among  hydrocarbons,  xviii,  582. 

Breckinridge  cannel-coal-mine,  Hancock,  Ky.,  xv^ii,  437. 

Breckinridge  county,  Ky.,  coal,  xvi,  582. 

Breece  Hill,  Lake  county,  Colo.,  xviii,  145  et  seq, 

Breece  iron-mine.  Lake  county,  Colo.,  xviii,  270. 

Breitung  iron-mine,  Vermilion  district,  Minn.,  xvi,  180, 182. 

Bremen  stamp-mil],  Silver  City,  Grant  county,  N.  M.,  xvi,  382. 

Bridal  Chamber  ore-deposit,  Spar  silver-mine.  Aspen  Mountain, 
Colo.,  xvii,  182. 

Bridge-steel,  open-hearth,  manufacture  of,  xviii,  88. 

Bridgman,  H.  L.  :  A  New  System  of  Ore-Sampling,  xx  [Jxiv],  416. 

Brick-clay  in  Ontario,  Can.,  xvii,  297. 

Bricks,  manufacture  of:  dolomite,  xvi,  719  ;  magnesite,  xvi,  721. 

Brierfield,  Bibb  county,  Ala.,  coal-mines,  xvii,  210  et  seq. 

Brierfield  Coal  and  Coke  Co.,  Bibb  county,  Ala.,  xvii,  210  et  seq. 

Briquettes  in  Imperatori  process:  manufacture  of,  xx,  115;  pre- 
cautions in  preparing,  xx,  127. 

Bristol  iron-mine,  Quebec,  Can.,  xvi,  140. 

Bristol,  Ontario  county,  N.  Y.,  natural  gas,  xvi,  909.    . 

British  America,  expedition  to,  xvi,  109. 

British  Columbia,  coal  deposits,  xvi,  138 ;  xviii,  315. 

British  Contributions  to  the  Metallurgy  of  Iron  and  Steel  (Kitson) 
(address  at  the  Pittsburgh  International  Sessions,  October, 
1890),  xix  [xx],  807. 

Britton,  J.  Blodgett,  analyses  by  :  of  '*  Baltimore  "  iron-ore,  xvii, 
464 ;  of  oyster-shells,  xvii,  467 ;  of  pig-iron,  xvii,  255. 

Broad  Rock  gold-mine,  Montgomery  county,  Md.,  xviii,  402. 

Broad  Top  coal-field.  Pa.,  xvi,  544. 

Brockport,  N.  Y.,  gas-well,  xvi,  958. 

Brock,  R.  A.,  on  establishment  of  the  iron  industry  in  Virginia, 
XX,  196. 

Broken  Arrow,  St.  Clair  county,  Ala.,  coal-mines,  xvii,  210. 

Broken  Hill  silver-deposit,  New  South  Wales,  xx,  149. 

Bronze  (see  aluminum-alloys). 
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Bronze-assay,  Winkler's  method,  xviii,  35  et  seq, 

Broockman  on  phosphate-slag,  xvii  [89]. 

Brooke,  E.  and  G.,  Iron  Co.,  blast-furnaces,  Birdsboro,  Pa.,  xviii, 
427. 

Brookfield,  N.  S.,  limestone,  xvi,  137. 

Brooklyn  Gulch,  Red  Mountain  district,  Ouray  county,  Colo., 
silver-ores,  xvi,  675. 

Brooklyn  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  11, 12. 

Brooklyn  silver-mine,  Red  Mountain  district,  Ouray  county, 
Colo.,  xvi,  577. 

Brooks,  Henry,  method  of  making  models,  xvi,  284. 

Brookside,  Jefferson  county,  Ala.,  coal-mines,  xvii  [211]. 

Brooks  Locomotive  Works,  Dunkirk,  N.Y.,  visit  to,  xvii,  xxix. 

Brookville  coal-bed,  Cambria  county,  Pa.,  xvi,  539  et  seq, 

Broome  county,  N.  Y.,  natural  gas,  xvi,  958. 

Broughton  asbestos-mine,  Quebec,  Can.,  xviii,  328. 

Brown,  Alexander  E.,  remarks  in  discussion  of  American  blast- 
furnace practice,  xx,  276, 277. 

Brown,  Amos  P. :  Modes  of  Occurrence  ofPyrite  in  Bituminous  Coal,  xvi 
[xxomi]j  539. 

Brown,  Bonnell  &  Co.,  blast-furnaces,  Youngstown,  Ohio,  xx,  273. 

Brown  coal  (see  lignite). 

Brown  coal-mine,  Cumberland  county,  Tenn.,  xvii  [47]. 

Browne,  David  H.  ;  Distribution  of  Phosphorus  in  the  Ludington  Mine, 
Iron  Mountain,  Michigan:  A  Study  in  Isochemic  Lines,  xvii  [xlii], 
616;  remarks  in  discussion  of  Mr.  Woodbridge*s  paper  on 
determination  of  phosphorus  in  certain  ores,  xvii,  752. 

Brown  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-well, 
xvi,  936. 

Brown,  Fayette,  remarks  in  discussion  of  American  blast-furnace 
practice,  xx,  273. 

Brown  hematite :  average  yield  of  iron  from,  xix,  291 ;  experi- 
ments in  magnetization,  xix,  293 ;  in  Hiawassee  Valley,  xvi, 
843,  847. 

Brown  Hill  iron-mines,  Wythe  county,  Va.,  xx,  177. 

Browning,  F.  D.,  on  gold  chlorination  in  California,  xvii  [504]. 

Brown,  J.  J.,  analysis  of  Buffalo  cement,  xvii,  251. 

Browne  Mining  and  Smelting  Co.,  Clear  Creek  county,  Colo., 
xvm,  oi. 

Bruce  copper-mines,  Ontario,  Can.,  xvii,  295 ;  xviii  [73]. 

Bruckner  roasting-fumace :  xvi,  366  et  seq,;  compared  with 
Howells  and  other  roasting-furnaces,  xvi, 466  et  seq.;  in  Utah, 
xvi,  19. 
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Brunton,  D.  W.,  on  mechanical  ore  sampler,  xx  [160]. 

Brush  Electric  Co.'s  plant  at  Comstock  mines,  Nev.,  xvii,  558. 

Bryan  coal-mine,  Grady  Basin,  Indian  Territory,  xviii,  654  et  seq, 

Buchanan  magnetic  ore-separator,  xvii,  737 ;  xix,  64,  667. 

Buena  Vista  silver-mine,  Nuevo  Leon,  Mex.,  xvi,  460. 

Buffalo  cement,  analyses  of,  xvii,  251. 

Buffalo  Cement  Company,  xvi,  924-;  xvii,  xxix^  250,  398  et  seq. 

Buffalo  gas-wells,  N.  Y.,  xvi,  924. 

Buffalo  gypsum  and  cement-rock  deposits,  xvii,  250, 

Buffalo,  N.  Y. :  asphalt  pavement,  xvii,  367 ;  geology  of,  xvii, 
398. 

Building-stone  in  Lake  Superior  region,  xvi,  192. 

BuLKLEY,  Fred.  G.,  remarks  in  discussion  of  Mr.  Rothwell's  paper 
on  the  present  status  of  electric  power-transmission,  xvii, 
563. 

Bull- Domingo  silver-mine,  Silver  Cliff  district,  Custer  county, 
Colo.,  xvi  [833]. 

Bullion  value:  Alice  mine,  Butte,  Mont.,  xvi,  39;  Lexington 
mine,  Butte,  Mont.,  xvi,  39 ;  Rainbow  Lode,  Butte,  Mont, 
xvi,  74. 

BuUionville,  Nev.,  experiments  in  trough-lixiviation,  xvi,  392, 

Bullock  farm,  Genesee  township,  Allegany  county,  N.  Y.,  oil- 
wells,  xvi,  935. 

Bull's  Eye  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  161. 

Bunker  Hill  silver-mine,  Cochise  county,  Ariz.,  xvii  [774]. 

Bunsen  Bame,  colored  green  by  chloride  of  gold  in  chlorine  gas, 
xvii,' 20. 

Burden  iron-mine,  Columbia  county,  N.  Y.,  xvii,  748. 

Burlap  in  sluices  for  gold-washing,  xviii,  602  et  seq. 

Burlington  silver-mine,  Butte,  Silver  Bow  county,  Mont,  xvi,  55. 

Burt,  Lee,  remarks  in  discussion  of  American  blast-furnace  prac- 
tice, XX,  274. 

Butler  county,  Ky.,  coal,  xvi  [582],  584  etaeq, 

Butte,  Mont.:  copper-mines,  xvi,  54;  geology  of,  xvi,  49,830; 
manganese-ores  at,  xvii,  774 ;  silver-mining  and  milling  at, 
xvi,  38 ;  trouble  with  injurious  sulphurous  gases  at,  xx,  336; 
visit  to,  xvi,  xxii 

Butters,  C,  on  lose  of  gold  and  silver  in  roasting,  xvii,  11, 

Byram  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 

Byrd,  Colonel,  on  first  iron  blast-furnaces  in  Virginia,  xx,  200  el 
seq. 

Cabarrus  county,  N.  C,  Phoenix  gold-mine,  xvii,  314  et  seq. 
Cable-transfer  for  railroad-cars,  xx,  766. 
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Cabot,  John  W.  :  On  Sulphur  in  Besseiner  Steel,  xix  [ix],  544. 

Cahaba  coal-field,  Bibb  county,  Ala.,  xvii,  207,  209. 

Cahaba  Coal  Mining  Co.,  Bibb  county,  Ala.,  xvii,  210  et  seq. 

Cahaba  coke,  analyses,  xvii,  154. 

Cairo  gas-well,  Greene  county,  N.  Y.,  xvi,  955. 

Cajongra  gold-mine,  Colombia,  S.  A.,  xviii,  211. 

Calamonte,  silver-mine,  Dept.  of  Tolima,  Columbia,  S.  A.,  xviii, 
211. 

Calcining  paint-ore  at  Lehigh  Gap,  Pa.,  xix,  330. 

Calcium  chloride,  effect  on  boiling  point  of  water,  xvii,  453. 

Calcium,  precipitation  of,  by  sodium  sulphide  solution,  xx,  23.  * 

CalcuhtioTis  of  the  Available  Heal  and  the  Required  Dimetmons  of 
Chimneys,  Combustion-Chambers  and  Oas-Bumers,  in  the  Use  of 
Blast-Fumace  Gases  for  Firing  Boilers  (Roberts),  xvii  [xxi'],7S. 

Caldwell  county,  Ky.,  iron-ore,  xvi  [592]. 

Caledonia  gold-mine,  Terraville,  Black  Hills,  S.  Dak. :  xvii,  576 ; 
stamp-mill,  xvii,  500  et  seq. 

California :  asphaltic  sands,  xviii  [578,  582] ;  bituminous  sand- 
stones, xvii,  360;  coal-production  in  1887-88,  xviii,  124, 134; 
copper-deposits,  xix  [698]. 

California  fault.  Iron  Hill,  Leadville,  Colo.,  xviii,  150. 

California  gold-mine,  Gilpin  county,  Colo.,  xviii,  451. 

California  gulch,  Leadville,  Colo.,  xviii,  146  et  seq. 

California  silver-mine,  Honduras,  C  A.,  xx,  395. 

Callender  Insulating  Co.,  xvii  [364]. 

Calorific  energy  of  coal,  gas  and  petroleum,  xviii,  609  et  seq.,  859 
et  seq. 

Calorific  power  of  Lackawanna  coal,  xvii,  303. 

Calorimeter  for  specific-heat  measurements,  xviii,  728. 

Calumet  and  Hecla  copper-mine.  Lake  Superior,  Mich.,  xvi, 
189,  191  [870]  ;  xix,  680  et  seq. 

Calumet  iron-mine,  Chaffee  county,  Colo.,  xviii,  269  [270]. 

Cambria  county,  Pa.,  pyritiferous  coal,  xvi,  539. 

Cambria  iron-mine,  Marquette  county,  Mich.,  xvi,  174;  xvii 
[718]. 

Cambria  Iron  and  Steel  Works,  Johnstown,  Cambria  county.  Pa., 
xvii  [227]. 

Cambrian  formation :  at  Aspen,  Colorado,  xvii,  163  et  seq, ;  in 
the  Black  Hills,  xvii  [571]. 

Cambrian  gold  series,  Nova  Scotia,  xviii  [318]. 

Cameron  coal-mine,  Shamokin,  Pa.,  xx  [650J. 

Campbell,  H.  H.  :  The  Physical  and  Chemical  Equations  of  the  Open- 
Hearth  Process,  xix  [viii],  128 ;  xx  [^m],  229. 

Campbell,  J.  S.,  analysis  of  coal,  xvii,  211.- 
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Campbell  Oil  Co.'s  wells,  Bolivar  township,  Allegany  County,  X. 
Y.,  xvi,  932,  934. 

Campbell  and  Raymond  hot-blast  stove,  xvii  [463]. 

**  Camp-fire  "  reception  given  by  Gen.  Paul  A.  Oliver  at  Laurel 
Run,  October  8,  1891,  xx,  hviii, 

Campo  Seco  copper-mine,  Calaveras  county,  CaL,  xix,  680. 

Canada :    bituminous  schists,  xviii  [582] ;   coal  trade,  xvi,  142 ; 
coal  in  western  section,  xviii,  313 ;   iron-ores,  xvi,  188;    iron 
trade,  xvi,  129;  silver-ore  on  North  shore  of  Lake  Superior, 
xvi,  191 ;  tellurides  of  gold  and  silver  in,  xviii,  439. 

Canadian  Copper  Co.,  Sudbury,  Can.,  xviii  [73],  279  et  «eg.  ; 
visit  to  mine,  xviii,  oczix. 

Canadian  Iran  Trade  (Bartlett),  xvi  [xxiv]^  129. 

Canadian  Pacific  Railroad :  avalanches  on^  xviii,  o91 ;  iron-ores, 
xvi,  110. 

Canadowa  Creek,  Chautauqua  county,  N.  Y.,  natural  gas,  xvi,  910, 
918. 

Canals  in  Lake  Superior  region,  xvi,  168  et  seq. 

Canandaigua  Lake,  Ontario  county,  N.  Y.,  oil-wells,  xvi,  949. 

Canby,  R.  C.  :  Note  on  Arsenic  Determinathn,  xvii  [pact],  77. 

Cannel-coal :  in  America,  xviii,  436 ;  analysis  of,  xviii,  437,  438 ; 
in  Kentucky,  xviii,  436,  437  ;  principal  use  of,  xviii,  436 ; 
in  Tennesee,  xviii.  438;  in  West  Virginia,  xviii,  438. 

Cannelton  cannel-coal-mine,  Kanawha  county,  Ky.,  xviii,  438. 

Canon  City  Oil  Co.,  Colo.,  oil-well,  xx,  446. 

Capacity  of  electric  plant  at  silver-mines  of  Aspen  Mining  and 
Smelting  Co.,  Aspen,  Colo.,  xx,  320. 

Capell  fan,  xx,  652  et  seq. 

Capelton  copper-mines,  Quebec,  Can.,  xviii,  318. 

Cape  Breton,  Nova  Scotia,  ooal  deposits,  xvi,  138 ;  xviii,  201 ;  iron- 
ores,  xviii,  203,  204. 

Carbon :  amount  in  Husgafvel  blooms,  xvi,  337 ;  graphitic,  as  a 
softener  of  cast-iron,  xvii,  253 ;  as  an  impurity  in  zinc,  xvii,  412, 
418 ;  percentage  of,  in  steel,  at  Croton  magnetic  iron-mine, 
Putnam  county,  N.  Y.,  xx,  128:  in  steel  rails,  xvii  [783]  ;  how 
affected  by  silicon,  xvii  [412,  418];  tests  by  colorimetric 
,    method,  xvi,  111;  value  as  fuel,  xvii,  99. 

Carbon  in  cast-iron :  changed  by  silicon  to  graphitic  conditions, 
xvii,  253;  effect  of  aluminum  on,  xviii,  106  et  seq;  effect  of, 
upon  strength,  xviii,  115;  not  changed  to  graphitic  state  by 
phosphorus,  xviii,  461. 

Carbonaceous  remains  in  rocks,  xvi,  914. 

Carbonate  Hill,  Leadville,  Colo.,  xviii,  145  et  seq. 

Carbonate  iron-ore :   near  Baltimore,  Maryland,  xvii  [463] ;   at 
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Carbonate— Continued, 

Enterprise,  Miss.,  xvi,  146 ;  phosphorus  in  Hudson  River  car- 
bonates, xviii,  52;  roasting  of,  on  Hudson  river,  xvii,  275. 

Carbonate  silver-lead-mine,  Beaver  county,  Utah,  xvi,  8. 

Carbon  coal-mine,  Wyoming,  xvi,  359. 

Carbon  Hill,  Walker  county,  Ala.,  coal-mines  at,  xvii,  210,  220. 

Carbonic  acid  :  in  quartz  vacuoles,  xviii,  640 ;  specific  heat  of, 
xvii  [100]. 

Carbonic  oxide :  specific  heat  of,  xvii  [100] ;  value  as  f^el,  xvii, 
99;  weight  of  cubic  foot  of,  xvii,  100. 

Carboniferous  formation :  Arizona :  Tombstone,  xvii  [768] ; 
Colorado:  xviii,  154;  Aspen  Mountain,  xvii,  166  et  aeq;  in 
northwestern  portion,  xvii,  376  et  seq,;  South  Dakota:  Black 
Hills,  xvii  [571]  ;  West  Virginia:  xvii,  118. 

Carboniferous  limestone  the  ore-bearing  rock  of  Aspen  and 
Leadville,  Colo.,  xvii,  164  et  seq. 

Carbon  Iron  Co.,  Pittsburgh,  Pa.,  xvii,  678 ;  xx  [684] ;  process  of, 
for  the  manufacture  of  wrought-iron  direct  from  the  ore,  xvi, 
708 ;  visit  to  works,  xix,  xxv. 

Carbon  in  steel  changed  to  graphitic  state  by  aluminum,  xviii, 
557. 

Carisa  silver-mine.  Tintic  district,  Juab  county,  Utah,  xvi  [10]. 

Carleton  county,  N.  B.,  iron-ore  and  coal,  xvi,  139. 

Carlin  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  185. 

Carll,  Prof,  estimate  of  capacity  of  oil-  and  gas  sand,  xvi,  915. 

Carmen  silver-mine,  Zacatecas,  Mex.,  xvi,  372. 

Carnegie,  Andrew,  address  of  welcome  at  New  York,  xvii,  xxjct. 

Carnegie,  D.  J.,  on  reduction  of  ferric  sulphate  in  volumetric 
analysis,  xvii  [411]. 

Carnegie,  Phipps  &  Co.,  Pittsburgh,  Pa.,  xx,  350;  basic  open- 
hearth  steel  furnace,  xvi,  726. 

Carpenter,  Franklin  R.  :  Ore-Deposits  of  the  Black  HiUs  of  Dakota, 
xvii  {xli{]y  570. 

Carpenter,  Franklin  R.  and  Headden,  W.  P. :  Note  on  the  Influ- 
ence of  Columbite  upon  the  Tin- Assay,  xvii  [xiii],  633. 

Carr  &  Co.,  coal-mines,  Jefferson  county,  Ala.,  xvii,  210. 

Carr  Fork,  Bingham  Gafion,  Salt  Lake  county,  Utah,  gold-  and 
silver-ores,  xvi,  12. 

Carrick-fergus  salt-mine,  Carrick-fergus,  Ireland,  xvii,  110. 

Carson  City,  Nev.,  United  States  mint  at,  xvi,  83. 

Carson,  J.  P. :  Notes  on  the  Excavation  of  the  New  Croton  Aqueduct, 
xix  [yiii\,  705. 

Car-wheels,  friction  of,  and  tests  with  self-oiling,  xviii,  508. 

Cascade  sandstone  in  Sumatra,  xx,  58. 
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Cascade  Valley  coal-mine,  Manitoba,  Can.,  xviii,  314. 

Cassell  stamp-mill,  Central  City,  S.  Dak.,  xvii,  500. 

Cassiterite :  analysis  of,  xvii,  595 ;  in  the  Black  Hills,  S.  Dak. 
xvii,  589,  590,  634 ;  association  with  tin-or^s  in  Black  Hills, 
and  treatment  of,  xviii,  3  et  seq, ;  in  Sumatra,  xx  [63,  65]. 

Casting  (see  also  steel  castings  and  wrought-iron  castings);  of 
steel  ingots,  xix,  314. 

Casting-ladle  used  in  Germany,  xix,  528. 

Casting  (iron),  production  in  Germany,  xix,  332. 

Cast-iron  (see  also  pig-iron  and  wrought-iron) ;  analysis  of,  xvii, 
700;  cause  of  gray  color  of,  xx,  292;  influenced  by  alumi- 
num, xviii,  102  et  seq,,  557;  by  phosphorus,  xviii,  45S  et  8eq. ;  by 
silicon,  xviii,  102  et  seq. ;  propellers,  xviii,  485 ;  silicon  in,  xvii, 
683;  sources  of  strength,  xvii,  253;  specifications  for,  xix, 
916;  specifications  for  pipes,  xviii,  661. 

Cast-Iron  Tools  for  Cutting  Metals  (Smith,  O.),  xix  pa;],  317. 

Castle  Gate  coal-mine,  Emery  county,  Uteh,  xix,  267,  273,  288. 

Cast'-steel  water-jackets,  xvii,  131. 

Catalan  direct  process  of  iron  manufacture,  xix,  836. 

Catasauqua  Manufacturing  Co.,  Lehigh  county,  Pa.,  xx,  731,  771. 

Catherine  furnace,  Page  county,  Va.,  xx  [206], 

Cattaraugus  county,  N.  Y.,  oil  and  gas,  xvi,  910,  924. 

Cave  gold-and  silver-mines,  Beaver  county,  Utah,  xvi,  9. 

Cazin,  F.  M.  F.,  remarks  in  discussion  of  preparation  of  small 
sizes  of  anthracite,  xx,  621. 

Cebolla  Creek,  Colo.,  titaniferous  deposit,  xviii,  272. 

Cement :  analyses,  xvii,  261 ;  bituminous  and  hydraulic,  xvii, 
356 ;  from  blast-furnace  slag,  xix,  350. 

Cement-gravel,  auriferous,  in  the  Black  Hills,  S.  Dak.,  xvii,  572. 

Cement-Rock  and  Oypsum  Deposits  in  Bvffalo  (Pohlman),  xvii  [aw?ii»], 
250. 

Cement-rock :  in  the  Black  Hills,  S.  Dak.,  xvii  [571] ;  fossiliferoos, 
at  Buffalo,  N.  Y.,  xvii,  251 ;  in  Ontario,  Canada,  xvii  [294, 
298],  300. 

Centennial  copper-mine,  Lake  Superior,  Mich.,  xix,  687. 

Centennial  (Squire's)  iron-mine,  Passraic  county,  N.  J.,  xx  [2223- 

Central  coal-field  (bituminous),  Indiana,  Kentucky,  and  Illinois, 
xviii  [123],  124. 

Central  Coal  and  Iron  Co.,  Muhlenberg  county,  Ky.,  xvi  [584]. 

Central  copper-mine,  Keweenaw  county.  Lake  Superior,  Mich., 
xvi,  191;  xix,  682  et  seq.;  use  of  locked-wire  rope  hoists  at, 
XX,  770. 

Central  Forge  Co.'s  Works,  Whitestone,  Long  Island,  visit  to, 
xvii,  xliv. 
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Central  oil-well,  Alma  township,  Allegany  county,  N.  Y.,  xvi, 
932. 

Central  Ontario  Railway  iron-mines,  Hastmgs  county,  Canada, 
xix,  32. 

Central  Pacific  Coal  and  Coke  Co.,  Ltd.,  Utah,  xvi,  358. 

Centrifugal  pumps,  Heald  and  Cisco,  xvii  [668]. 

Centrifugal  Ventilators  (Norris),  xx  [fatif],  637. 

Cerro  de  Pasco,  Peru,  topography  and  geology  of  xvi,  729. 

**  Cerro  Rico  de  Potosi "  silver  district,  Bolivia,  S.  A.,  xix,  74 
et  seq. 

Certain  Conditions  in  the  Manufacture  of  Steel  Rails,  which  may  greatly 
Influence  their  Life  in  Service  (Delano),  xvi  [xxxvt]^  594. 

Cerussite  at  Rosario  mine,  Honduras,  xvii  [442]. 

Chaffee  county,  Colo.,  iron-resources,  xviii,  269. 

Chalcocite  in  copper  veins  at  Butte,  Mont.,  xvi,  62, 

Chalcopyrite:.in  Black  Hills,  S.  Dak.,  xvii  [498,581,582];  in 
copper  veins  at  Butte,  Mont.,  xvi,  62;  in  granite.  Copper 
Basin,  Arizona,  xvii  [482];  in  Ontario,  Canada,  xvii  [294]. 

Chalk  :  mode  of  lining  crucibles  with,  for  tin-assay,  xviii,  5;  use 
of,  in  tin-assay,  xviii,  37. 

"Challenge"  ore-feeder,  Hendy,  xvii  [512]. 

Champion  iron-mine,  Marquette  county,  Mich.,  xvi,  173,  177 ; 
xvii,  717,  729 ;  hand  separation  of  ore  at,  xvii,  729 

Champion  silver-mine,  Butte,  Silver  Bow  county,  Mont,  xvi  [59]. 

Champion  tin-vein,  Black  Hills,  S.  Dak.,  xvii  [590]. 

Chandler  iron-mine,  Vermilion  range,  Minn.,  xvii,  719. 

Chance,  H.  M.  :  The  Oeology  of  the  Choctaw  Coal-Field^  xviii  [xteit], 
653 ;  The  Resources  of  the  Black  Hills  and  Big  Horn  Country^  Wyo- 
ming, xix  [mV],  49;  The  Rush  Creek,  Arkansas^  Zinc-District^ 
xviii  [xlviii],  505. 

Chanute,  0.,  experiments  on  crushing-strains  on  rails,  xvii,  230. 

Chao-Yuen,  China,  gold-district,  xix,  583. 

Chapapote,  classifiM  among  hydrocarhons,  xviii  [583]. 

Chapin  Iron-Mine,  Lake  Superior  (LaIisson),  xvi  [xxiv],  119. 

Chapin  iron-mine,  Menominee  county,  Mich.,  xvi,  173  [525],  532, 
862,  901;  xvii,  566,  619,  718;  xviii  [426];  compressed-air 
plant  at,  xvii,  560. 

Charcoal :  amount  used  per  ton  of  iron  at  Muirkirk  furnace,  xvii, 
468  et  seq. ;  use  of  at  Dobriansky  and  Wartsila,  xvi,  350 ;  as 
fuel  in  iron  manufacture  in  Canada,  xvi,  130 ;  as  lining  for 
crucibles,  xviii,  6 ;  as  a  precipitate  for  gold,  xvii,  37. 

Charcoal  blast-furnace,  recent  practice,  xx,  259. 

Charcoal  iron,  advantages  of  Green  River  county  Ky.,  for  making, 
xvi.,  587. 
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Charge  :  for  chlorination  at  Mount  Morgan,  Queensland,  xx,  132 ; 

descent  of,  in  blast-furnace,  xvi,  149 ;  details  of,  at  Croton 

magnetic  iron-mine,  Putnam  county,  N.  Y.,  xx,  118  et  seq, 
Charging-bells,  a  new  device  for  operating,  xvi,  536. 
Charging  of  heating  and  smelting-furnaces,  xix,  313. 
Charleston  rock,  phosphoric  acid  in,  xvii,  87. 
Charlotte  county,  N.  B.,  bog  iron-ore,  xvi  [140]. 
Charlotteburg  iron-mine  and  blast-furnace,  Morris  county,  N.  J., 

XX  [216]. 
Charring  Oil  Co.'s  oil-well,  Bolivar  township,  Allegany  county, 

N.Y.,  xvi,932. 
Charter  Towers  gold-mining  district,  Queensland,  xx,  133. 
Chase  and  Mallory's  oil-wells,  Allegany  county,  N.  Y.,  xvi,  934. 
Chateaugay  iron-mine,.  Clinton  county,  N.  Y.,  xvii,  747. 
Chateaugay  Ore  and  Iron  Co.,  Lyon  Mountain,  N.  Y.,  xvi,  609, 

753,  760 ;  xvii,  722,  730  et  acq. ;  xviii,  748 ;  ore-concentration 

at  Lyon  Mountain,  N.  Y.,  xvii.,  731, 743. 
Chateaugay,  Franklin  county,  N.  Y.,  concentrates  of  iron-ores,  xx, 

585,  592. 
Chatelier,  M.  Le,  remarks  in  discussion  of  Mr.  Hadfield's  paper 

on  aluminum-steel,  xix,  1092. 
Chattanooga  Iron  Co.,  Tenn.,  xvi,  593. 
Chattaroi  cannel  and  bituminous  coal-mine,  Johnson  county,  Ky., 

xviii,  437. 
"  Chats,"  or  waste-sands,  and  chat-tanks,  xvii,  660. 
Chautauqua  county,  N.  Y.  natural  gas,  xvi,  918. 
Chauvenet,  Regis  :  The  Iron  Resources  of  Colorado,  xviii  [aari],  266. 
Cheap  fuel  in  blast-furnaces,  xvii,  96. 

Cheever,  Byron  W.  :  Two  CondUiom  of  Phosphorus  in  Iron. — Sec- 
ond Papery  xvi  [xxtv],  269;  biographical  notice  of,  xvi,  888; 

xvii  [xix]. 
Chemical  and  physical  equations  of  the  open-hearth  process,  xix» 

128. 
Chemicals  employed  in  the  Russell  process,  xvi,  394. 
Chenango  county,  N.  Y.,  gas-well,  xvi,  958. 
Chenot's  direct  process  of  iron-making,  xix,  846. 
Cherokee  county,  N.  C,  marble,  xvi,  845. 
Cherry  Grove  gas-sand,  Warren  county.  Pa.,  xvi  [939]. 
Cherry  Tree  Ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  184. 
Cheshire,  Ontario  county,  N.  Y.,  natural  gas,  xvi,  909. 
Cheshire  salt-well,  Cheshire,  Eng..  xvii  [110]. 
Chester  Steel  Castings  Co.,  Chester,  Pa.,  xvii  [131]. 
Chestnut  Hill  pumping  station,  visit  to,  xvi,  xxxviL 
Chestnut  Knob,  Henry  county,  Va.,  iron-ore  deposits,  xx,  180. 
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Chilling  of  iron  affected  by  aluminum,  xviii,  104  et  seq, ;  by  sili- 
con, xvii,  705  et  seq. 

Chimney:  draught,  head  of,  xvii,  80;  sectional  area  of,  when 
used  with  blast-furnace  gases,  xvii,  78  et  seq. 

China:  coal-fields,  xix,  571,  575,  595;  copper-deposits,  xix,  573, 
589;  gold-mines,  xix,  577  et  seq.;  xx,  324:  iron-deposit,  xix, 
575;  lead-zinc  deposit,  xix,  575 ;  miners  and  their  wages,  xvi, 
107 ;  raining  and  milling  in,  xix,  571 ;  xx,  88,  324 ;  report 
of  Kaiping  coal-mine,  xvi,  95;  Shantung  gold-mining  dis- 
trict, xix,  577 ;  silver-lead  mines,  xix,  585. 

China  gold-mines,  Colombia,  S.  A.,  xviii,  211. 

Chinaman  geyser,  Yellowstone  Park,  xvii,  451,  552. 

Chinese  Silver-Mining  in  Mongolia  (Dawes),  xx  [Iviii],  8% 

Chinese  System  of  Gold  Milling  (Louis),  xx  [lou'v]^  324. 

Chloride  of  gold:  xvii  [7];  higher  chlorides,  xvii  [37];  test  for, 
in  stream  of  chlorine  gas.  xvii,  20. 

Chloride  of  silver :  at  Rosario  Mine,  Honduras,  xvii  [442] ;  vola- 
tility of,  xvii,  8, 9. 

Chloride  silver-mine,  Aspen,  Colo.,  xvii,  159  et  seq. 

Chloride  silver-mine,  Chloride,  Sierra  county,  N.  M.,  xvi.,  372. 

Chlorides  of  cobalt,  copper,  and  iron  as  standard  solutions,  xvi, 
112. 

Chloridizing  muffle  roasts  with  Murchie  pyrite,  xvii,  15. 

Chloridizing-roasting :  losses  of  gold  in,  xvii,  9 ;  with  addition 
of  sulphur,  xvii,  776. 

Chlorination  of  auriferous  sulphides  at  Haile  gold-mine,  xix,  601. 

Chlorination  of  Oold-Bearing  Sulphides  (Spilsbury),  xvi  [xvitt],  359. 

Chlorination  of  gold  concentrates  in  the  Black  Hills,  xvii  [541]  ; 
in  North  Carolina,  xvii  [541]. 

Chlorinaiion  of  LowGrcuie  Auriferous  Sulphides  (Phillips), xvii 
[aa;rr|,  313. 

Chlorination,  Mears's  process,  xvii,  315. 

Chlorination- works  (see  also  concentration-works,  gold-mills  > 
lixiviat  ion- works,  reduction- works,  smelting- works,  and 
stamp-mills) :  California :  Grass  Valley,  xvii,  42 ;  Merrifield 
mine,  xvii,  42:  Nevada  City,  xvii,  42 ;  Australia^  Queensland, 
Mount  Morgan,  xx,  150. 

Chlorine :  effect  of,  on  metals  at  cherry-red  heat,  xvii,  34 ;  in  im- 
pure water,  xvii,  344 ;  relation  to  gold,  xvii,  7,  19 ;  relative 
affinity  for  gold  and  the  base  metals,  xvii  [33]  ;  used  on  gold, 
xviii,  600 ;  used  in  tellurides,  xviii,  446  ;  volatility  of  gold  in, 
xvii,  19  et  seq. 

Chlorine  test  for  determination  of  phosphorus  in  iron,  xvi,  274. 

Choctaw  coal-fields,  Indian  Territory,  xviii,  653. 
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Christianburg,  Va.,  crossing  of  the  Appalachian  water-divide  and 
the  geological  divide,  xvi,  839. 

Christian  county,  Ky.,  coal,  xvi  [582,  585]. 

Christy,  S.  B.  :  The  Losses  in  Roasting  Gold- Ores  and  the  Volatility 
of  Odd,  xvii  [a;m],  3. 

Christy  silver-mine,  Silver  Reef  district,  Washington  county, 
Utah,  xvi,  16. 

Chromate  of  iron,  analysis  of,  xvi,  847. 

Chromic-ore  in  Hiawassee  Valley,  xvi  [843,  847]. 

Chrysotile  (see  also  asbestos-mines)  in  eastern  Quebec,  Can., 
xviii,  318,  321. 

Church,  John  A. :  on  concentration  at  Tombstone,  Ariz.,  xvii 
[767] ;  g)n  sustaining  power  of  coke,  xvii,  146 ;  on  tellurium 
in  ores  at  Tombstone,  Ariz.,  xvii,  [771]. 

Cinder :  analyses  of  fsee  analyses  of  slag)  ;  iron  saved  from  Bes- 
semer converter  cinder  by  magnetic  separator,  xvii,  606 ;  silica 
determinations  in,  xvi,  89. 

Citico  Furnace  Co.,  Chattanooga,  Tenn.,  xvi,  593. 

City  Rock  silver-lead-mine,  Little  Cottonwood  Canon,  Salt  Lake 
county,  Utah,  xvi  [5,  13]. 

Claghorn,  Clarence  R.  :  Notes  on  the  Bemice  Anthracite  Coal- 
Basiii,  SuUivan  county ,  Pa.,  xvii  \xln\,  606. 

Clapp,  G.  H.  and  Hunt,  A.  E. :  The  Impurities  of  Water,  xvii  [rrw"], 
338 ;  The  Inspection  of  Materials  of  Construction  in  the  United  States, 
xix  [xxxit],  911. 

Clapp-Griffith  process,  xvii  [60]. 

Clapp-Griffiths  Steel-works,  Wareham,  Mass.,  visit  to,  xvi,  xxxvii. 

Clarion  coal-bed,  Pa.,  xvi,  540. 

Clark,  C.  M.,  analysis  of  iron-ore  (magnetite),  Rocky  Mount,  Va., 
XX,  176. 

Clark  county.  Miss.,  carbonate  iron-ore,  xvi,  146. 

Clark,  Ellis  :  Notes  on  the  Progress  ofAfiningin  China,  xix  [tar],  571 ; 
on  magnetic  separator  at  Pribram,  Bohemia,  xvii  [736]. 

Clark,  Frederick  W.  :  Some  Tests  of  the  Relative  Strength  of  Nitra- 
glyceiine  and  Other  Explosives,  xviii  [xri],  515 ;  remarks  in  dis- 
cussion of  Mr.  Austin's  paper  on  matting  auriferous  silver- 
ores,  xvi,  268. 

Clark  iron-mine,  St.  Lawrence  county,  N.  Y.,  xvii  [747]. 

Clark  iron-mines,  Rocky  Mount,  Franklin  county,  Va.,  xx,  175. 

Clark,  J.  K.,  remarks  in  discussion  of  Mr.  Groodale's  paper  on 
manganese  ores  of  Tombstone,  Ariz.,  xvii,  776. 

Clarke,  Prof.  J.  M.,  on  geological  characters  of  Canandaigua  Lake, 
Ontario  county,  N.  Y.,  xvi,  949. 

Clarkville  township,  Allegany  county,  N.  Y.,  oil-wells,  xvi,  933. 
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Classen  on  electrolytic  assay  of  copper,  xvii,  406. 

Classification :  of  bitumen  and  asphalt  xviii,  579,  582 :  of  coal 
for  Canadian  import  duties,  xvii,  611 ;  of  hydrocarbons,  xviii, 
582 ;  of  ores  for  jigging,  xvii,  638  el  acq. 

Claussen,  F.  F.  :  Silver  Ingot  Melting  at  the  Mint  of  the  United  States  aJt 
New  Orleans^  xvi  [xw],  83. 

Clay  iron-stone :  analysis,  xviii,  201 ;  in  Pictou  county,  Nova 
Scotia,  xviii,  201. 

Clayton,  J.  E.,  on  vein-formation,  xvii  [449]. 

Clearfield  county,  Pa.,  pyritiferous  coal,  xvi,  539. 

Cleveland  iron-mine,  Marquette  county,  Mich.,  xvi,  173 ;  xvii, 
717. 

Cleveland  Rolling  Mill  Co.,  Cleveland,  Ohio,  xvii  [150] ;  xx,  240, 
256. 

Cleveland  tin-vein,  Bear  Gulch,  Black  Hills,  8.  Dak.,  xvii  [590]. 

Cliff  copper-mine,  Lake  Superior,  Mich.,  xix,  679. 

Cliff's  Shaft  iron-mine,  Marquette  county,  Mich.,  xvii  [718]. 

Clifton  blast-furnace,  Ala.,  visit  to,  xvii.  ixxiii, 

Clifton  Coal  Co.,  Hopkins  county,  Ky.,  xvi  [585],  588,  593. 

Clinkers  in  roasting  Hudson  River  ore,  xvii,  278. 

Clinometer  combined  with  pocket-compass,  xviii,  97, 100. 

Clinton  county,  N.  Y.,  iron  di.Htrict,  xvii,  748. 

Clinton  formation :  in  Ontario,  Can.,  xvii  [300] ;  in  western  New 
York,  xvii,  327,  331,  399  et  seq, 

Clinton  slate,  Montour  county.  Pa.,  xx,  369. 

Clinton  fossil-ores :  Clinton  and  Wayne  counties,  N.  Y.,  xvii 
[745],  748;  Red  Mountain,  Birmingham,  Ala.,  xvii,  152. 

Clinton  group,  red  hematite  ores  of,  in  Virginia,  xix,  1022. 

Closson  process  for  the  manufacture  of  magnesia,  xvi,  720. 

Clove  Spring  iron-mine,  Dutchess  county,  N.  Y.,  xvii  [748]. 

Clyde,  Wayne  county,  N.  Y.,  natural  gas,  xvi  [910],  942. 

Coal  (see  also  coal-basins,  coal -fields  and  coal-mines) :  American 
cannel,  xviii,  436;  analyses  of,  xvi,  98,  358,  586,  589;  xvii, 
47,  63,  121,  211  etseq,,  610,  615;  xviii,  201,  314,  316,  656, 
657,  682;  xix,  577,  593,  1033,  1034 ;  annual  sales  of  English, 
at  ports  of  Gulf  of  Mexico,  xvii,  226 ;  bony,  xix,  400 ;  in 
calcareous  shales  at  Aspen  Mountain,  Colo.,  xvii,  166;  cal- 
orific power  of,  xix,  182;  compared  with  other  fuels,  xviii, 
859;  comparison  of  Alabama  and  other  coals,  xix,  298; 
consumption  in  lead-smelting,  xviii,  684 ;  cost  of  mining  in 
Sequachie  Valley,  Tenn.,  xvii,  48;  cretaceous  coal-measures 
in  Colo.,  thickness  of,  xvii,  377 ;  estimated  amount  of  bitu- 
minous in  Penn.,  xvii,  208;  lump  coal  from  Rouse,  Huer- 
fano county,  Colo.,  xx.,  167 ;  pea-coal  from  Sunshine  mines. 
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Garfield  county,  Colo.,  xx,  168 ;  peculiar  occurrence  of,  in 
limestone,  China,  xix,  575  ;  in  Pocono  sandstone,  Penn.,  xvii, 
208;  productionof  Alabama  for  1887,  xvii,  206;  production  in 
United  States  in  1890,  xx,  412 ;  washing  coal  before  coking  in 
Alabama,  xvii,  141,  145.  Localities:  United  States: 
Alabama:  xvii  [91];  Georgia:  xvii  [91];  Illinois:  estimated 
amount  in,  xvii,  208;  Indian  Territory:  xviii,  653;  Kentucky: 
xvi,  581 ;  Tennessee:  xvii,  47  [91]  ;  cannel  coals  of,  xviii,  438; 
Other  Countries:  Africa:  Transvaal,  xviii,  348;  Canada: 
xvi,  142 :  British  Columbia,  xviii,  315 ;  at  Nanaimo,  Vancou- 
ver Island,  xvi  [140];  Suraas  Mountain,  xviii,  316;  Honduras: 
XX,  406;  Nova  Scotia:  production  in  1888,  xviii,  201;  Suma- 
tra^  XX  [52]. 

Coal-basins  (see  also  coal,  coal-fields  and  coal-mines) ;  Indian 
Territory :  Grady,  xviii,  653  et  seq.;  Mitchell,  xviii,  655  et  seq,; 
Pennsylvania:  Schuylkill  county ;  Pottsville,  xvii,  208 ;  Sulli- 
van county ;  Bernice,  xvii,  606. 

Coal-beds  :  Pennsylvania :  Cambria  county ;  Brookville,  xvi,  539 
et  seq, ;  Clarion,  xvi,  540 ;  Clearfield  county ;  Lower  Kittan- 
ning,  xvi,  539,  542  et  seq. ;  Lykens  Valley,  xvii,  609 ;  Mam- 
moth, xvii,  208;  Mercer  county;  Pardee,  xvi,  539  et  seq,; 
Allegheny  county  ;  Pittsburgh,  xvi,  540,  545. 

Coalburg,  Jefferson  county,  Ala. :  analysis  of  coke,  xvii,  154 ; 
coal-mines,  xvii,  141,  152,  210  et  seq. 

Coal  Creek  coal-mines,  Parksville,  Ala.,  xvii.  225. 

Coal-crusher  at  the  Bernice  breaker,  xvii,  613. 

Coal-fields:  United  States :  Appalachian,  xvii,  206;  xviii  [123], 
124 ;  Central  bituminous.  New  England  graphitic,  Northern. 
Pacific  coast,  Rocky  Mountain,  and  western  (bituminous), 
xviii  [123],  124 ;  production  in  1888,  xviii,  122  et  seq. ;  Ah- 
bama:  xvii,  206;  xviii,  124;  Bibb  county,  Cahaba,  xvii  [63j, 
207,  209;  Coosa,  xvii,  207  [209];  New  Castle,  xvii,  209; 
Warrior,  xvii  [148],  207,  209;  xix,  296;  available  tonnage  of 
Warrior,  xvii,  207 ;  Arkansas,  xviii,  124 ;  California :  xviii,  124 : 
Colorado:  xvii,  375;  xviii,  124;  Georgia:  xviii,  124;  Idahoi 
xviii,  124;  Illinois:  xvii  [208];  xviii,  li{4;  Indiana:  xviii, 
124;  Indian  Territory :  xviii,  124;  Choctaw,  xviii,  653  et  seq,; 
Iowa:  xviii,  124;  Kansas:  xviii,  125;  Kentucky:  xviii,  124; 
Maryland:  xviii,  124;  Michigan:  xviii,  124;  Missouri:  xviii, 
124;  Montana:  xviii,  124;  Nebraska:  xviii,  124;  New  Mexico: 
xviii,  124 ;  North  Carolina :  xviii,  124 ;  Ohio  xvii  [208]  ;  xviii. 
124;  Oregon:  xviii,  124;  Coos  Bay,  xix  [24];  Pennsylvania: 
anthracite,  xviii   [122],   124;    Broad   Top,   xvi,  544;    South 
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Dakota:  xviii,  124;  Tennessee:  xviii,  124;  Tezas,  xviii,  124; 
Utah:  xviii,  124;  Virginia:  Pint  Top  and  New  River,  xix,  1033 
etseq,;  Richmond  basin,  xviii  [123],  124;  Washington:  xviii, 
124;  West  Virginia:  xvii,  118  et  seq,y  208;  xviii,  124;  Wyo- 
ming :  xviii,  124 ;  Black  Hills  and  Big  Horn  Country,  xix, 
55.  Other  Countries:  China:  xix,  571,575,  595;  Kaiping, 
xvi,  95;  Nova  Scotia:  Cape  Breton,  xvi,  139;  Cumberland,  xvi, 
137 ;  Joggings,  xvi  [139] ;  Pictou,  xvi,  137,  139. 

Coal-gas  :  analysis,  xviii,  881 ;  calorific  power  of,  xviii,  860. 

Coal-mines  :  United  States  :  Alabama :  Bibb  county ;  Blocton, 
Cahaba  Coal  Mining  Co.,  xvii,  209  etseq.;  Brierfield,  Brierfield 
Coal  and  Coke  Co.,  xvii,  210,  215;  Jefferson  county;  Ala- 
bama, xvii,  214;  Black  Creek,  xvii  [153],  215;  Brake,  xvii 
[214];  Brookside,  xvii,  210,  211;  Coalburg,  Sloss  Iron  and 
Steel  Co.,  xvii,  152,  210  et  seq.;  Henry-Ellen,  xvii,  210,  223; 
Jefferson,  xvii,  214  ;  Morrow's  Mines,  Carr  <t  Co.,  xvii,  210  ; 
New  Castle,  Milner  C.  and  R.R.  Co.,  153,  210,  215 ;  Parkville, 
Coal  Creek,  xvii,  225 ;  Pratt,  xvii,  152,  209  et  seq. ;  xix,  296 ; 
Warrior ;  xvii  [148],  207  et  seq. ;  New  Shaft,  xvii,  214 ;  Old  shaft, 
xvii,  214;  Wolf  Den  Hollow,  xvii,  214;  Woodward,  xvii,  210; 
Shelby  county ;  Aldrich,  xvii,  210,  221 ;  St.  Clair  county ; 
Broken  Arrow,  xvii,  210 ;  Ragland,  xvii,  210  et  seq. ;  Tusca- 
loosa county ;  Tuscalloosa,  A.  Durie,  xvii,  210,  221 ;  Insane 
Hospital,  xvii,  210,  221 ;  Walker  county ;  Carbon  Hill,  Kan- 
sas City  Coal  and  Coke  Co.,  xvii,  210,  220;  Coal  Valley,  E. 
Donaldson  &  Co.,  xvii,  210,  219;  Cordova,  B.  M.  Long  &  Co., 
xvii,  210;  Corona;  Corona  Coal  and  Coke  Co.,  xvii,  210,  220; 
Penn  Mobile  Coal  Co.,  xvii,  210;  O'Brien*  Coal  Co.,  xvii,  210, 
218 ;  Wolf  Creek  Coal  Co.,  xvii,  210, 218 ;  Day's  Gap.  Norwell  & 
Co.,  xvii,  210,  219 ;  Horse  Creek  Mines,  Frief  (&Moor,  xvii,  210; 
Patton,  Black  Diamond  Coal  Co.,  xvii,  210,  218,  219 ;  Patton 
and  Coal  Valley,  Virginia  and  Alabama  Mining  and  Manu- 
facturing Co.,  xvii,  210,  218 ;  Patton  Junction,  Deer  Creek, 
xvii,  219 ;  York,  T.  H.  Dunn  &  Co.,  xvii,  210 :  Colorado:  Gar- 
field county  ;  Newcastle,  xviii,  xxii ;  Sunshine  (semi-bitumi- 
nous), XX,  168;  Indian  Territory:  Choctaw  district;  Lehigh, 
xviii,  657  ;  McAlester,  xviii,  657  ;  Grady  Basin,  Bryan,  xviii, 
654  et  seq. ;  Kentucky :  Butler  county ;  Mining  City,  xvi  [585] ; 
Carter  county ;  Grayson,  xviii,  437 ;  Christian  county ;  Em- 
pire, xvi  [585] ;  Hancock  county ;  Breckinridge,  xviii,  437 ; 
Hopkins  county ;  Clifton,  xvi  [585],  588,  693 :  Co-operative, 
xvi  [584] ;  Crabtree  and  Shotwell,  xvi  [584] ;  Hecla,  xvi 
[584] ;  St.  Bernard,  xvi  [584,  585]  ;  593 ;   Johnson  county ; 
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Chattaroi,  xviii,  437;  Whitehouse,  xviii,  438;  Muhlenberg 
county ;  Central  Coal  and  Iron  Co.,  xvi  [584] ;  Dovey,  xvi 
[584]  ;  Memphis  Coal  Co.,  xvi  [584] ;  Ohio  county ;  Hamilton, 
xvi  [584]  ;  McHenry,  xvi  [584];  Taylor,  xvi  [584];  Pennsyl- 
vania :  Centre  county ;  Etna,  xvi,  643 ;  Clearfield  county ; 
Columbia,  No.  3,  xvi,  544  ;  Kyler,  xvi,  543:  Fayette  county ; 
Morewood,  xx  [655] ;  Lackawanna  county ;  Erie,  xviii,  412 ; 
Luzerne  county  ;  Avondale,  xx  [658]  ;  Baltimore  tunnel,  xx 
[648],  Dorrance,  xx  [655] ;  Drifton,  Cross  Creek,  xix,  398  ;  Em- 
pire, XX  [652,  657]  ;  Henry,  xx  [656]  ;  HoUenback,  xx  [653] ; 
Nanticoke,  xvii  [419] ;  Stanton,  xx  [650]  ;  Susquehanna  Coal 
Co.'s,  XX,  641  etseq, ;  Mercer  county  ;  Ormsby,xvi,541  ;  Pine 
Grove,  xvi,  541 ;  Pottsville  coal-basin,  Shenandoah  City,  Kohi- 
noor.  xvi,  307 ;  Northumberland  county  ;  Cameron,  xx  [650] ; 
Schuylkill  county ;  Packer  No.  5,  xx  [658]  ;  Sullivan  county ; 
Bernice;  Heiss,  xvii,  615 ;  Jackson,  xvii,  615 ;  Mylert,  xvii,  615; 
South  Dakota:  Butte  county ;  Hay  Creek,  xix  [53]  ;  Tennessee: 
Bledsoe  count}' ;  Ferguson,  xvii  [47] ;  Norwood,  xvii  [47] ; 
Panter,  xvii  [47];  Seals,  xvii  [47];  Webb,  xvii  [47]; 
Campbell  county;  Jellico,  xviii,  438;  Cumberland  county: 
Basses  Creek,  xvii  [47] ;  Brown,  xvii  [47] ;  Grundy  county ; 
Tracy  City,  xvii  [209,  211]:  Marion  county;  Battle 
Creek,  xvii  [47]  ;  Bee  Branch,  xvii  [47]  :  Distribute  Branch, 
xvii  [47] ;  Griffith's  Creek,  xvii  [47] ;  Hammet's  Cove, 
xvii  [47] ;  Kinnaird's  Cove  (outcrop),  xvii  [47] ;  Ralston's 
Cove  (outcrop),  xvii  [47];  Victoria,  xvii  [47];  Whitewell, 
xvii  [47,  209,  211] ;  Sequatchie  county ;  Deakin^s  (outcrop), 
xvii  [47] ;  Ellfot,  xvii  [47] ;  Heard,  xvii  [47] ;  Rankin,  xvii 
[47] ;  Stone,  xvii  [47] ;  Utah  :  Emery  county  ;  Castle  Gate,  xix, 
267,  273,  288 ;  Pleasant  Valley,  xvi  [20] ;  Scofield,  Utah  Cen- 
tral Railroad  Co.,  xvi,  358 ;  Winter  Quarter,  xvi,  357 ;  Summit 
county ;  Coalville,  Grass  Creek,  xvi,  356,  357 ;  Crimson,  xvi, 
357  ;  Wasatch,  xvi,  357  ;  We^  Virginia :  Payette  county  ;  Cres- 
cent, xvii  [455] ;  Powelton,  Mt.  Carbon,  xvii,  454 ;  Kanawha 
county ;  Cannelton,  xviii,  438 ;  Randolph  county  ;  Faulkner, 
xvii  [455] ;  Winifrede  Coal  Co.,  xvii  [455]  ;  Wyoming:  Almy, 
xvi,  356,  359  ;  Carbon,  xvi,  359 ;  Rock  Springs,  xvi,  356,  359. 
Other  Countries  :  .  Canada :  British  Columbia ;  Allisons, 
xviii,  315 ;  Hat  Creek,  xviii,  315 ;  Kamloops,  xviii,  315;  Ni- 
cola, xviii,  315;  Princeton,  xviii, 315;  Manitoba;  Bow  River, 
xviii,  314.  Cascade  Valley,  xviii,  314;  Gtilt,  xviii,  314;  Medi- 
cine Hat,  xviii,  314;  China:  Tong,  xvi,  95:  Tung  Shang,  xx 
[96];  England:  Normantown;   St.  John's,  xviii,  422;  North 
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Coal-mines — Continued. 

Staffordshire,  Sneyd,  xvii  [431,  432] ;  Nottingham,  Be&twood, 
xvii,  [430,  432];  Fran4:e:  Sa6ne  et  Loire;  Epinac,  xix  [109]; 
Germany :  Osnabriick ;  Schledehausen,  xx,  621 ;  Saxony  ; 
Zaukeroda,  xx,  366  et  seq. ;  Upper  Silesia,  Beuthen,  Consolida- 
ted Paulus  and  Hohenzollern,  xx,  356  et  seq, ;  Gottessegen,  xx, 
368 ;  Richterschacht  I.,  xx,  357 ;  Westphalia,  Hanover,  xvii, 
429  et  seq. 

Coal-mining :  at  Airdrie  furnace,  Muhlenberg  county,  Ky.,  xvi, 
587 ;  in  Alabama,  xix,  296  et  seq, ;  in  China,  xvi,  95 ;  elec- 
tricity applied  to,  xviii,  413  et.  seq, ;  xix,  261  et  seq, ;  electric 
locomotives  at  Erie  colliery,  Scranton,  Pa.,  xviii,  413  et  seq. ; 
electric  pumping  and  haulage-plant,  St.  John's  colliery,  Nor- 
mantown,  Eng.,  xviii,  422  et  seq,  ;  miners'  wages  in  Alabama, 
xvii,  222. 

Coal  vs.  Oil  in  the  Puddling- Furnace  and  in  Raising  Steam  (Billings), 
xvii  [xxxii]y  808 

Coal-production :  of  Germany  in  1876  and  1889,  xix,  332 ;  of 
Oregon,  1889,  xix,  24;  of  Pratt  mines,  Alabama,  1883-90,  xix, 
313;  of  United  States,  1870-90,  xix,  504;  of  Washington  Ter- 
ritory in  1889,  xix,  24 ;  of  the  world,  1854-89,  xix,  504. 

Coal'Produ/iion  in  Utah  (Ash burner),  xvi  \x\>iii\,  356. 

Coal-slack  as  blast-furnace  fuel,  xvii,  97. 

Coal-tar  and  asphalt  used  together,  xvii,  368. 

Coal-tipples  on  the  Kanawha  River,  W.  Va.,  xvii,  455. 

Coal-trade,  effect  of  natural  gas  on,  xviii,  132. 

Coal-Trade  and  Miners^  Wages  in  the  United  Stales  for  the  Year  1888 
(Ashburner),  xviii  {xxi\,  122. 

Coal  Transfer  of  the  Mt,  Carbon  Company ^  Limited  (Page),  xvii  [zlii], 
454. 

Coal  Valley,  Walker  county,  Ala.,  coal-mines,  xvii,  210,.  219. 

Cobalt,  copper,  and  iron,  neutral  chlorides  of,  as  standard  solu- 
tions, xvi,  112. 

Cobalt,  occurrence  of,  in  the  Transvaal,  xviii  [347]. 

Cockerton  mining  concession,  Honduras,  C.  A.,  xx,  406. 

Cocks,  Pratt-Cady,  Bower-Barffed,  xx,  13. 

Coffin  electric  arc- welding  system,  xx,  250. 

Coggin  ore-dressing  table  compared  with  Rittinger  table,  xviii, 
265. 

Cohocton,  Steuben  county,  N.  Y.,  gas-well,  xvi,  959. 

Coke  :  analysis  of,  xvi,  587, 588, 589, 593 ;  xvii,  154,  224,' 225  ;  xix, 
1033 ;  behavior  of,  in  blast-furnace,  xix,  989 ;  consumption  in 
English  iron  blast-furnaces,  xx,  261 ;  objections  to  soft  coke, 
xvii,  147;  ovens  at  Jasper,  Walker  county,  Ala.,  xvii,  226; 
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Coke — Continued, 

sulphur  in,  xvi,  588,  592.  Localities:  Alabama:  amount  of 
coal  coked  in  1887,  xvii,  211 ;  amount  per  ton  of  iron  in  Bir- 
mingham district,  xvii,  151 ;  Blue  Creek,  xvii,  152, 155 ;  Co- 
haba,  xvii,  155 ;  Coalburg,  xvii,  155 ;  compared  with  Connells- 
ville,  xvii,  142;  improved  by  washing  coal,  xvii,  141,  145; 
New  Castle,  xvii,  155 ;  Pratt,  xvii,  136, 142, 155 ;  xix,  311 ;  sus- 
taining power  of,  xvii,  147  ;  Colorado :  coking-coals  of  north- 
western portion  of,  xvii,  377  et  seq,;  Kentucky:  cokes  of  west-- 
ern  section,  xvi,  581 ;  Minnesota:  manufacture  at  Duluth,xvi, 
198;  Pennsylvania:  Connellsville,  xx,  257  etseq,;  comparison 
of,  with  coke  of  Durham,  Eng.,  xix,  988 ;  replaced  by  firwood 
in  matting  blast-furnace,  xx,  545 ;  sustaining  power  of,  xvii, 
147 ;  Pitsburgh,  Carbon  Iron  Co.,  **  retarded  coke "  as  fuel, 
xvii,  678 ;  Pottstown,  Warwick  furnace,  coke  used  as  fuel  with 
anthracite,  xvii,  124,  126 ;  Walston,  xx,  257 ;  Tennessee :  Chat- 
tanooga, xvii,  142 ;  Sequatchie  Valley ;  amount  of  coke  used 
per  ton  of  pig-iron,  xvii,  48 ;  cost  of  coke,  xvii,  48 ;  Virginia : 
Pocahontas,  xix,^  1034;  xx,  257  et  seq.;  West  Virginia:  Fire 
Creek,  Nuttall  and  Quinnemont,  xix,  1033 ;  New  River,  xx, 
257  et  seq, ;  sustaining  power  of  coke,  xvii,  147. 

Coking  in  Germany,  xix,  334  et  seq. 

Colburn,  Alvah,  report  of  Colburn  gas-well  at  Fredonia,  N.  Y., 
xvi,  920. 

Colburn  gas-well,  Chautauqua  county,  N.  Y.,  xvi,  919. 

Colby,  A.  L.,  notes  on  phosphoric  determination,  xviii,  706. 

Colby  iron-mine,  Gogebic  range,  Mich.,  xvi,  185  et  seq,;  xvii,  718. 

Colby-Davis  roasting  kilns  for  iron-ores,  xvii,  721. 

Coldren,  Jerome,  discover  of  nickel  in  Kansas,  xvii,  636. 

Cold-rolling  of  aluminum,  xviii,  555. 

Cold-atraightening  of  rails,  xvii,  234, 785. 

Cole,  R.  C,  remarks  in  discussion  of  Prof.  Langley's  paper  on 
aluminum  in  steel  ingots,  xx,  240. 

Colombia,  United  States  of,  8.  A. :  gold-  and  silver-mines,  xvi, 
301 ;  resources  of,  xviii,  205. 

Colonel  Sellers  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii, 
146  et  seq. 

Color  and  odor  of  water,  terms  describing,  xvii,  340. 

Colorado :  anthracite,  xvii,  377 ;  xviii  [122] ;  Coal  and  Iron  Co., 
Calumet  iron-mine,  xviii,  269;  coal  production  in  1887-88, 
xviii,  124;  coal  regions,  xvii,  375;  coking-coal,  xvii,  377  et 
seq. ;  concentration  of  low-grade  ores,  xviii,  261 ;  Fremont 
county,  Florence  oil-field,  xx,  442;  geology  of  Iron  Hill, 
Leadville,  xviii,  145;   geology  and  mines  of  Pitkin  county, 
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Colorado — Continued, 

xvii,  156 ;  gold-ores  of  Gilpin  county,  xvii,  541 ;  iron  resources 

of,  xviii,  266 ;  lignite,  xvii,  377 ;  ore-deposits  of  Red  Mountain 

district,  xvi,  670 ;  xviii,  139 ;  progress  of  metallurgical  practice 
/  in,  xviii,  55 ;  vein-phenomena  in  Boulder  county,  xix,  547. 
Colorado  Coal  and  Iron  Co,,  South  Pueblo,  Colo.,  visit  to  works 

of,  xvi,  xxi;  xviii,  xxi, 
Colorado  No.  2  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii, 

146  et  seq, 
Colorado  Smelter,  Butte,  Mont.,  visit  to,  xvi,  xxii. 
Colorado  Smelting  Co.,  Pueblo,  Colo.,  xx,  170;  visit  to  works  of, 

xvi,  xxi;  xviii,  cm. 
Colorimetric  test  for  carbon,  xvi,  111. 
Colquijirca  silver-mine,  department  of  Junin,  Peru,  xvi,  733  et 

seq. 
CoLTON,  Henry  E.  :  Notes  on  the  Topography  and  Geology  of  Western 

North  Carolina — The  Hiawassee  Valley y  xvi  [xxxtni],  839. 
Columbia  county,  N.'Y. :  iron  district,  xvii,  745,  748;  natural 

gas,  xvi,  908. 
Columbia  No.  3,  coal-mine.  Clearfield  county.  Pa.,  xvi,*544. 
Columbite :  analyses  of,  xvii,  593,  634 ;  in  the  Black  Hills,  S. 

Dakota,  xvii,  592,  633,  786;  its  influence  upon  tin-assay, 

xvii,  633. 
Colusa  copper-mine,  Butte,  Mont.,  xix,  690. 
Colusa  smelter,  Butte,  Mont.,  visit  to,  xvi,  xxii. 
Combination  Mining  and  Milling  Co.,  Black  Pine,  Mont,  xviii, 

242,  246. 
Combustion  chambers,  dimensions  of,  when  used  with  blast-fur- 
nace gases,  xvii,  78  et  seq. 
Combustion  :  of  fuels,  xvii,  99 ;  of  producer-gas,  xix,  146. 
Comma  bacillus  in  water,  xvii,  346. 
Commercial  value  of  phosphate-slag,  xvii,  88. 
Commern,  Eifel,  Germany;  lead-deposits,  xvi  [813]. 
Commonwealth  iron-mine,  Florence  county,  Wis.,  xvii,  718. 
Commonwealth  iron-mine,  Menominee  county,  Mich.,  xvi,  173. 
Comparison  of  high  and  low  furnaces  in  iron-smelting,  xvii,  149. 
Compass,  improved  French  pocket,  xviii,  97. 
Compound-Plunger  Hydraulic  Pump  (Woakes),  xx  [Ivii],  108. 
Composition  of  products  of  combustion  of  blast-furnace  gases, 

xvii,  79. 
Compressed-air  motor,  xix,  553. 
Compressed-air  plants:  at  Chapin  and  Ludington  iron-mines, 

Menominee  range,  Mich.,    xviii,    426;    at    Iron    Mountain, 
Mich.,  xvii,  560. 
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Comstock  bullion  sulphurized  in  cast-iran  kettle,  xx,  40. 

Comstock  lode  gold-  and  silver-oree,  Storey  county,  Nev.,  xix, 
195  et  seq. 

Comstock  silver-mine,  Nev.,  electric  plant  at,  xvii,  568. 

Comstock  silver-mine,  Red  Mountain  district,  Ouray  county, 
Colo.,  xvi,  577. 

Comstock,  Dr.  Theodore  B.  :  Engineering  Relations  of  the  YeUow- 
stone  Park,  xvi  [xix],  46 ;  Hot-Spring  Formatums  in  Red  Moun- 
tain District,  Colorado  :  A  Reply  to  the  Criticisms  of  Mr.  EmmonSy 
xvii  [xxvii^y  261 ;  Notes  on  the  Region  North  of  the  VemiUion 
Lake  District,  in  British  America,  xvi  [xxiv},  109. 

Concentrating  Magnetite  with  the  Conkling  Jig  at  Lyon  Mountain,  N. 
Y,  (Ruttmann),  xvi  [xxxvii'],  609. 

Concentration  (see  also  magnetic-concentration  and  ore-drees- 
ing) :  at  Bonne  Terre,  Mo.,  xviii,  263 ;  at  Dakota  School  of 
Mines,  xvii,  597 ;  of  gold-ores  at  Haile  mine,  S.  C,  xix,  606  ; 
of  iron-ore,  xvii,  728  etseq. ;  xix,  64, 71, 187, 656 ;  xx,  575,  602  ; 
of  lead-ore  at  Bonne  Terre,  Mo.,  xvii,  661 :  of  low-grade  silver- 
ores,  xviii,  242  et  seq. ;  percentage  of  silver  saved  by,  at  Lead- 
ville,  xviii,  262 ;  practice  in  Colorado,  xviii,  261 ;  of  mattes  at 
Argo,  Colo.,  xviii,  60  et  seq. ;  of  tin-ores  in  the  Black  Hills, 
S.  Dak.,  xvii,  597. 

Concentration-works  (see  also  amalgamation- works,  smelting- 
works,  and  sUimp-mills) :  Colorado:  Pitkin  county;  Aspen, 
Molly  Gibson  mine,  xviii,  262;  Michigan:  Negaunee,  xvii, 
728. 

Concentration  before  Amalgamxitionfor  Low-Orade  Partially-Decomposed 
Silver- Ores,  With  Notes  on  the  Flint  Creek  Mining  District  (Good- 
ale  and  Akers),  xviii  [xx],  242. 

Concentration  of  Iron-Ore  (Birkinbine  and  Edison),  xvii  [aaact], 
728. 

Concentration  of  Low-Grade  Ores  (Armitage),  xviii  [xx],  257. 

Concordia  Gold  Mining  Co.,  Honduras,  C.  A.,  xx,  406. 

Condensation  of  chloride  of  gold :  by  aid  of  pyrite,  xvii,  44 ; 
from  a  chlorine  stream,  xvii,  36  et  seq. 

Condensing  and  purifying  by  products  from  coke-ovens,  xix, 
338. 

Condensing-tower  for  removing  gold  from  chlorine-gas,  xvii,  41. 

Conglomerate  copper-mine,  Lake  Superior,  Mich.,  xix,  702. 

Conglomerates,  copper-bearing,  Lake  Superior,  xix,  685. 

Congress  silver-mine,  Red  Mountain  district,  Colo.,  xvii  [264]. 

Conkling:  jig  for  concentrating  ores,  xvi,  609;  magnetic  ore- 
separator,  xvii,  739 ;  xix,  658  et  seq. 

Connamara  silver-mine,  Aspen,  Colo.,  xvii,  173, 176,  200  et  seq. 
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CoQnellsville  coke:  xx,  257  et  seq.;  compared  with  Alabama 
coke,  xvii,  142;  suBtaining  power  of,  xvii,  147. 

Connor,  General,  establishment  of  Fort  Douglas,  Utah,  by, 
xvi,  3. 

Consolidated  Coal  Co..  Md.,  xviii  [130]. 

Consolidated  silver-mine.  Silver  Bow  county,  Mont.,  xvi  [69]. 

Construction  of  Details  for  a  Modem  Lixiviaiion- Plant  (Stetefeldt), 
XX  [lxii\i  3. 

Construction  of  Maps  in  Relief  (J.  H.  and  E.  B.  Harden),  xvi  [xxv], 
279. 

Contact-deposits:  Aspen  Mountain,  Colo.,  xvii,  165  etaeq.; 
Black  Hills,  S.  Dak.,  xvii,  582. 

Contact-planes,  ore-deposits  on,  xvi,  814. 

Continental  system  of  jigging,  xvii,  637. 

Contracts :  between  •*  office-men  '*  and  *'  head-man  "  at  silver- 
mines,  Mongolia,  China,  xx,  89;  general  form  of,  with  Chinese 
miners,  xx,  68. 

Cook,  Edgar  S.  :  Anthracite  and  CokCy  Separate  and  Mixed^  in  the 
Warwick  Blast-furnace^  xvii  [xxi«],  124 ;  Tuyere  Slagging-  ValvCj 
xvii  [rxvt],  389;  remarks  in  discussion  of  Mr.  Gayley's  paper 
on  the  development  of  American  blast-furnaces,  xix,  961 ;  on 
magnetic  concentration  of  iron-ore,  xx,  588. 

Cook,  George  H. :  analysis  of  salt  by,  xvii,  110;  biographical  no- 
tice  of,  xviii  [axcr],  218. 

Cook,  Robert  Anderson:  The  Wenstrom  Magnetic  Separator,  xvii 
[xlii],  599. 

Co-operative  coal-mine,  Hopkins  county,  Ky.,  xvi  [584]. 

Coosa  Coal  and  Coke  Co.,  Broken  Arrow,  St.  Clair  county,  Ala., 
xvii,  210. 

Coosa  coal-field,  Ala.,  xvii,  207  et  seq. 

Copake  Iron  Co.,  Columbia  county,  N.  J.,  strength  of  iron,  xvii, 
463. 

Copalite,  place  among  hydrocarbons,  xviii  [582]. 

Copper :  alloys  of  aluminum  and,  xvii,  665^  669, 829  ;  alloys,  phy- 
sical tests  of,  xviii,  822,  829 ;  behavior  of,  in  welding  by  elec- 
tricity, xix,  883 ;  consumption  of,  in  United  States  since  1850, 
xix,  698;  eifect  of  chlorine  on,  at  cherry -red  heat,  xvii,  35 ; 
electrolytic  assay  of,  xvii,  406;  in  eruptive  rocks,  xvii,  482;  in 
gold-ores  of  North  Carolina,  xvii,  314 ;  gold-silver-copper  alloy, 
treatment  of,  at  Argo,  Colo.,  xviii,  68 ;  hydrometallurgy  of, 
xvi,  80;  physical  test  of,  xviii,  819;  refining,  in  China,  xix, 
593;  removal  of,  from  precipitated  silver  at  Argo,  Colo.,  xviii, 
67  ;  silicon-copper,  xviii  [671] ;  smelting  in  Montana,  xviii,  70. 

Copper  Cliff  copper-mine,  Sudbury,  Can.,  xviii,  281  et  seq. 
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Copper,  cobalt  and  iron,  neutral  chlorides  of,  as  standard  solutions, 
xvi,  112. 

Copper-Depoaita  of  Oopper  Basin,  Arizona^  and  their  Origin  (Blake), 
xvii  [pcxxii]y  479. 

Copper-dressing  at  Lake  Superior,  xvii,  637,  640,  670 ;  cost  of, 
xvii,  676. 

Copper  Falls  copper-mine.  Lake  Superior,  Mich.,  xvi,  191;  xix, 
682. 

Copper-glance :  in  the  Black  Hills,  S.  Dak.,  xvii  [581];  in  On- 
tario, Can.,  xvii  [294] ;  xviii,  72. 

Copper-lead  matte,  analysis  of,  xviii,  64,  65. 

Copper-mines:    United  States:   Alabama:   Cleburne  county; 
Stone  Hill,  xix,  694 ;  Cochise  county ;  Copper  Queen,  xix, 
689;  Graham  county;  Longfellow,  xix,  681,  689;  Maricopa 
county ;  Globe,  xix,  689 ;  Yavapai  county ;  Verde,  xix,  690 ; 
California:  Calaveras  county;  Campo  Seco,  xix,  680 ;  Union, 
xix,  680 ;  Nevada  county ;  xix  [698] ;  Haralson  county ;  Talla- 
poosa, xix,  694 ;  Idaho :  Snake  river  district,  xix  [698] ;  Michi- 
gan: Houghton  county;  Atlantic,  xvi,  190;   xvii,  578;  xix, 
684 ;  Calumet  and  Hecla,  xvi,  189,  191  [870] ;  xix,  680  et  $eq. ; 
Centennial,  xix,  687  ;  Conglomerate,  xix,  702;  Franklin,  xvi, 
191 ;  xix,  702 ;  Grand  Portage,  xix,  683 ;  Hancock,  xix,  702 : 
Huron,  xvi,  191 ;  xix,  683 ;  Houghton  county ;  Isle  Royale, 
xix,  683 ;  Kearsage,  xix,  684 ;  Minong,  xix,  702 ;  Osceola,  xvi, 
191 ;  xix,  685 ;  Peninsula  (Albany  and  Boston),  xix,  686, 702 ; 
Pewabic,  xix,  683 ;    Quincy,  xvi,  191 ;   xix,  684 ;   Sheldon- 
Columbian,  xix,  683 ;  Tamarack,  xix,  685 :  Tamarack  Junior, 
xix,  687 ;  Wolverine,  xix,  684 ;  Keweenaw  county ;  Ailouez, 
xvi,  191;   xix,  685;  Central,  xvi,  191;  xix,  682  et  seq.;  xx, 
770;  Cliff,  xix,  679 ;  Copper  Falls,  xvi,  191 ;  xix,  682 ;  North- 
western,  xix,  682;    Phoenix,  xix,  682;   St.  Clair,  xix,  702; 
Ontonagon  county;  Adventure,  xix  [702];  Belt,  xix,  702; 
Evergreen  Bluff,  xix,  682;  Knowlton,  xix,  702;  Mass.,  xix, 
682;   Minnesota,  xix,  682;   National,  xix,  702;  Nonesuch, 
xix,  702;  Ogina,  xix,  702;  Ridge,  xix,  682;  Montana:  SUver 
Bow  county;  Anaconda,  xvi,  54  [65];  xvii,  628;  xix,  690; 
Butte,   xvi,   54;    Colusa,   xix,   690;    Gagnon,   xvi,   54,  62; 
xix,  690;  Hattie   Harvey,  xix,  690:   Mountain  View,  xvi, 
54;   xix,   690;   Original,  xix,  690;    Parrott,   xvi,  54;    xix, 
690;  Shannon,  xix,  690;  St  Lawrence,  xix,  690;  Nevada: 
Esmeralda  county;   xix,  698;  New  Mexico:  Grant  county; 
San   Pedro,  xix,   697;    Santa  Rita,  xvii,  483;    North   Oaro- 
Una:   Ashe  county;    Ore  Knob,  xix,  694;    Tennessee:  Folk 
county;  Ducktown,  xix,  680, 694;  xx,214;  Utah:  Juab  county; 
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Tintic  district,  Crismon-Mammoth,  xvi,  10 ;  Vermont :  Orange 
county;  Ely,  xix,  680,  694;  Virginia:  Carroll  county;  Betty 
Baker,  XX,  214.  Other  Countries:  Australia:  Burraburra, 
Moonta,  xix,  688;  Canada:  Manitoba;  Crowfoot,  xviii,  314; 
Ontario ;  Bruce,  xviii  [73] ;  Canadian  Copper  Co.,  xviii 
[73],  279  et  seq, ;  Copper  Cliff,  xviii,  281  et  seq, ;  Evans,  xviii, 
280,  283 ;  Stobie,  xviii,  280,  289 ;  Sudbury,  xvii,  295 ;  Quebec ; 
Capelton,  xviii,  318 ;  Eustis,  xviii,  319 ;  Excelsior,  xviii,  320 ; 
Harvey  Hill,  xviii,  320;  Huntington,  xviii,  319;  Nichols, 
xviii,  319;  China:  Ping-Chuan-Chao,  xix,  589;  Tsu-Hung- 
Tung,  xix,  573;  Germany:  Saxony,  Mansfeld,  xx,  380. 

Copper-mining:  in  Michigan,  xvi,  190;  in  the  United  States, 
xix,  678. 

Copper-ores:  analyses,  xviii,  200;  xix,  592,593;  as  cement  in 
fragmental  rocks,  xvii  [479]  ;  in  Hiawassee  Valley,  xvi  [840, 
847];  Arizona:  Yavapai  county;  Copper  Basin,  xvii,  479; 
Colorado:  Ouray  county;  Red  Mountain  district,  xvi,  680; 
Montana :  deposits  at  Butte,  xvi  [38, 45],  62 ;  New  Jersey :  in  Tri- 
assic  shales,  xvii,  483 ;  South  Dakota:  Black  Hills,  xvii  [571]  ; 
native  copper  in  archaean  rocks,  xvii,  581 ;  Canada :  Ontario, 
xvii,  294  et  seq. ;  xviii,  72 ;  Quebec,  xviii,  317 ;  Nova  Scotia : 
xviii,  200,  203. 

Copper-production  :  of  Arizona,  1882-90,  xix,  694, 703 ;  of  Mon- 
tana, 1882-90,  xix,  694,703;  of  the  United  States,  1845-90, 
xix,  700 :  of  the  world,  1879-90,  xix,  704. 

Copper  Queen  copper-mine,  Bisbee  district,  Ariz.,  xix,  689. 

Cofjpper- Resources  of  the  United  States  (Douglass)  xix  [tx],  678. 

Copper-silver  matte,  process  for  roasting,  xx,  40. 

Coprolite,  occurrence  of  commercial,  xviii,  649. 

Cordova,  Walker  county,  Ala.,  coal-mines,  xvii,  210. 

Cord'Woodin  the  Matting  Blast- Famace  (Lang),  xx  [Zrit?],  545. 

Corn,  average  yield  per  acre  in  United  States,  xix,  513. 

Comiferous  limestone:  at  Buffalo,  N.  Y.,  xvii,  250,  398 ;  at  Nia- 
gara, N.  Y.,  xvii,  325  6f  seq, 

Cornish  method  of  tin-assay,  xviii,  41. 

Cornish-rolls  :  at  Bonne  Terre,  Mo.,  xvii,  666 ;  with  chilled  tire 
of  car-wheel  iron,  xviii,  263 ;  for  crushing  ores,  xviii,  257 ; 
efficiency  of,  xviii,  265,  445 ;  speed  of,  xviii,  264. 

Cornwall,  fissures  in  district  of,  xvi  [827]. 

Cornwall  iron-ore:  analysis  of,  desulphurized  in  Gjers  kilns, 
xviii,  309;  experiments  in  desulphurizing,  xviii,  84;  in  Leba- 
non county.  Pa.,  xvii,  720 ;  xx,  224 ;  cost  of  mining,  xvii,  155 ; 
magnetic  concentration  of,  xvii,  743. 
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Cornwall,  tin-deposits  in,  xvi,  67. 

Corona  Coal  and  Coke  Co.,  Walker  county,  Ala.,  xvii,  210,  220. 

Corona,  Walker  county,  Ala.,  coal-mines,  xvii,  210  et  9eq. 

Corse,  M.  B.,  analysis  of  iron-ores  from  Bedford  county,  Va,  xx, 
178,  180;  from  Clark  mines,  Va.,  xx,  176. 

Corundum :  in  the  Black  Hills,  S.  Dak.,  xvii  [593] ;  in  Hiawassee 
Valley,  xvi  [841,  843,  847]. 

Cost  of:  Acadia  iron-mines,  Can.,  xvi,  136;  anthracite  pig-iron,  xvi, 
200 ;  asbestos  at  Canadian  mines,  xviii,  327 ;  blooms  from  the 
Hufigafvel  process,  xvi,  354 ;  boring-tools  at  Singapore,  xx,  77 : 
charcoal,  xvi,  198 ;  charcoal,  ore  and  labor  in  the  central  dis- 
tricts of  the  Ural,  xvi,  354  ;  chemicals  used  in  the  Russell  pro- 
cess, xvi,  451 ;  chlorinating  gold-concentrates,  xvii,  321 ;  coal 
in  1889 ;  on  Atlantic  oea-board,  xviii,  129 ;  in  California,  xviii, 
134;  in  Pittsburgh,  xviii,  132;  coke  made  at  Duluth,  xvi,  198; 
coke  pig-iron,  xvi,  200;  coke  in  Utah,  xvi,  18;  comparison  of 
cost  of  the  Imperatori  and  Martin-Siemens  process,  xx,  129; 
copper,  xvi,  855 ;  copper-dressing  at  Lake  Superior,  xvii,  676 ; 
washing  ore  by  the  Blake  system,  xvi,  765  ;  dressed  galena  at 
St.  Louis  xviii,  677 ;  drilling  and  excavation  of  New  Croton 
Aqueduct,  N.  Y.,  xix,  750  etaeq, ;  electric  haulage-plant  at  Erie 
colliery.  Pa.,  xviii,  420 ;  electric  power-transmission,  xvi,  854, 
858 ;  generating  electricity  for  power-transmission  at  Aspen, 
Colo.,  XX,  322 ;  gold  and  silver  in  Utah,  xvi,  7  etseq;  hand-pick- 
ing iron-ore  at  Dannemora,  Sweden,  xvii,  604 ;  haulage  by 
mules  and  by  electric  motor,  xix,  281 ;  iron  stills  for  the  con- 
centration of  sulphuric  acid,  xvi,  521;  labor;  in  central  districts 
of  the  Ural,  xvi,  354  ;  at  La  Plata  del  Libano  mines,  S.  A.,  xvi, 
306  :  for  ore-sampling  by  machinery,  xx,  440 ;  in  Russell  pro- 
cess, xvi,  455,  et  seq ;  at  Wartsila,  Finland,  xvi,  345 ;  lead- 
dressing  at  St.  Joseph  Lead  Works,  Bonne  Terre,  Mo.,  xvii, 
676;  limestone  from  Lake  Erie  islands,  xvi,  196;  magnesia 
'  material  in  Westphalia,  xvi,  724;  magnetic  concentration:  at 
Michigamme,  Mich.,  xix,  68,  660;  at  Croton  iron-mine, 
Putnam  county,  N.  Y.,  xx,  608 ;  at  Tilly  Foster,  N.  Y.,  xix, 
73,  659;  making  water-gas  with  Loomis  plant,  xix,  1015; 
manufacture  of  aluminum  by  Grabau  method,  xix,  1045; 
milling  gold  in  the  Black  Hills,  S.  Dak.,  xvii,  540,  677;  mill- 
ing silver  at  Black  Pine,  Mont.,  xviii,  249 ;  mining :  at  the 
Atlantic  mine,  Lake  Superior,  xvii,  578 ;  at  Danville  iron-mine, 
Pa.,  XX,  384 ;  in  the  Gogebic  range,  xvi,  188 ;  at  Potosi,  Bolivia, 
xix.  95 ;  coal  in  the  Sequatchie  Valley,  Tenn.,  xvii,  48 ;  iron- 
ore  at  Cornwall  bank,  Lebanon,  Pa.,  xvii,  155;  and  milling 
at  Butte,  Mont,  xvi,  39  et  seq.;  and  milling  at  Homestake 
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mine,  8.  Dak.,  xviii,  411 ;  and  milling  Maryland  tin-ore,  xviii, 
401 ;  natural  gas  compared  with  anthracite  at  Bufifalo,  N.  Y., 
xvii,  406 ;  Ontario  mine.  Park  City,  Utah,  xvi,  36 ;  operating 
compressed-air  tramway  at  Nantes  and  Vincennes,  France,  xix, 
558 ;  ore-dressing  at  Bonne  Terr€,Mo.,  xviii,  265 ;  pile-roasting 
5134  tons  of  roasted  matte  at  the  Hanauer  works,  xvi,  24 ; 
pneumatic  hoisting  at  Epinac,  France,  xix,  120;  production 
of  charcoal  pig-iron  at  Duluth,  xvi,  199 ;  protecting  railroads 
against  snow,  xviii,  584,  592 ;  roasting,  labor,  chemicals  and 
power  at  the  Haile  gold-mine,  S.  C,  xvi,  361 ;  roasting  gold- 
concentrates  in  North  Carolina,  xvii,  318 ;  shipping  and  refin- 
ing bullion  and  matte,  xvi,  261,  266, 267 ;  smelting  and  freight- 
ing ores  of  Aspen,  Colo.,  xviii,  277 ;  smelting  tin-ores  in  Indian 
Archipelago,  xx,  81 ;  smelting  tin-ores  at  Singapore  Straits 
Settlements,  xx,  80 ;  tramming  with  electric  motors  in  German 
coal-mines,  xx,  365 ;  transportation  of  acids  from  seaboard 
works,  xvi,  514 ;  transportation  of  coal  and  coke,  xvi,  197 ; 
transportation  of  ore  from  Old  Telegraph  mine,  Utah,  xvi,  31 ; 
transportation  of  tin  in  Siak  district,  Sumatra,  xx,  55 ;  total 
mill  expenses  in  Russell  process,  xvi,  457  ;  treating  Com  stock 
tailing  at  Dayton,  Nev.,  xix,  231 ;  water-gas  compared  with 
coal  as  fuel,  xvii,  304 ;  wire-tramway  at  Garrucha,  Spain,  xix, 
779. 

Cost  of  a  Ton  of  Pig-Iron  in  the  Sequachie  Valley,  (Bowron),  xvii 
[xtx],  45. 

Cotamitos  silver-mine,  Potosi  district,  Bolivia,  S.  A.,  jtix,  74,  77. 

Cotta  on  the  Rammelsberg  ore-deposit,  xvii  [576], 

Council,  report  of:  for  year  ending  January  31,  1888,  xvi,  xzxii; 
1889,  xvii,  xxxvii;  1890,  xviii,  xxxi;  1891,  xix,  xxv. 

Country-rock  as  source  of  metallic  mineral  in  veins,  xvi,  58. 

Courtis,  W.  M.  :  Gold-Qaart!>,  xviii  [xxt?],  639. 

Cove  Creek,  Beaver  county,  Utah,  sulphur-bed,  xvi,  33. 

Cow  Boy  tin-mine,  Black  Hills,  S.  Dakota,  xvii,  786. 

CowLES,  Eugene  H.  :  Aluminum-Bronze  and  Brass  as  Suitable  Ma- 
terial for  Propellers^  xviii  [xtei'i],  484 ;  Physical  Properties  of  Some 
of  the  Alloys  of  Manganese,  Copper  and  Aluminum,  xviii  {xlmi'], 
494 ;  alloys,  xviii,  831,  839  [840] ;  electric  furnace,  xviii  [831]  ; 
ferro-aluminum  for  strengthening  cast-iron,  xviii,  106. 

Cowles.  Electric  Smelting  and  Aluminum  Co.,  Lockport,  N.  Y., 
xvii,  521 ;  visit  to  works,  xvii,  xxx. 

Coxe  Bros.  &  Co.,  Drifton,  Pa.,  ventilating-fans  in  coal-mines  of, 
XX,  663. 
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CoxE,  EcKLEY  B. :  Biographical  Notice  of  FraTUclin  B,  Oowenij  xviii 
[xxx],  618;  The  Iron  Breaker  at  Drifton,  xcUh  a  Description  of 
Some  of  the  Machinery  Used  for  Handling  and  Preparing  Coal  at 
'  the  Oroas  Greek  Collieries,  xix  [w;],  398 ;  remarks  in  discussion 
of  Mr.  Hunt's  paper  on  tests  of  structural  wrought-iron  and 
steel,  XX,  711 ;  of  Mr.  Norris's  paper  on  centrifugal  ventilators, 
XX,  670;  of  preparation  of  small  si/.e8  of  anthracite,  xx,  613, 
619;  of  Mr.  Spaulding's  paper  on  electric  power-transmission, 
xix,  286 ;  on  use  of  plummet4amp  in  underground  surveying, 
XX  [103}. 

Cox,  E.  T.,  analyses  of  cements,  xvii,  251. 

Crabtree  and  Shotwell  coal-mines,  Hopkins  county,  Ky.,  xvi 
[584} 

Cranberry  iron-mine,  Mitchell  county,  N.  C,  xix,  667 ;  xx,  179, 
224. 

Crandiall  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  oil- 
weils,  xvi,  937. 

Cranston  oil-well,  Genesee  township,  Allegany  county,  N.  Y.,  xvi, 
928. 

Crater,  form  of,  produced  by  explosion,  xviii,  370,  519. 

Crescent  coal-mines,  Fayette  county,  W.  Va.,  xvii,  456. 

Crescent  silver-mine,  Uintah  district,  Summit  county,  Utah,  xvi 
[5],  14,  17. 

Crescent  Steel  Works,  Pittsburgh,  Pa.,  visit  to,  xix,  xzv. 

Cresson,  C.  M.,  analysis  of  Bernice  anthracite  coal,  xvii,  610. 

Cretaceous  coal-measures  in  Colorado,  xvii,  377. 

CretaceouSs  formation :  in  the  Black  Hills,  S.  Dakota,  xvii,  571 ; 
in  Honduras,  C.  A.,  xvii,  434 ;  in  Maryland,  xvii,  464. 

Crimson  coal-mine.  Summit  county,  Utah,  xvi,  357. 

Cripple  Creek,  Va.,  iron-ores,  xix,  1027. 

Crisition-Mammoth  silver-mines,  Tintic  district,  Juab  county, 
Utah,  xvi,  10. 

Crissey ,  E.  J.,  report  of  gas-wells  at  Fredonia,  N.  Y.,  xvi,  920. 

Croft  iron-mine,  Putnam  county,  N.  Y.,  xvii  [746]. 

Crooke,  Walter  :  Mamck'sand  Orooke's  American  Patent  Fire-Brick 
Hot-Blast  Stove,  xix{xxxit],  1036, 

Croton  Aqueduct,  new.  New  York,  excavation  of,  xix,  705. 

Croton  magnetic  iron-mine,  Putnam  county,  N.  Y. :  xvii,  734  et 
»eq^  746;  xix,  666;  xx,  575  et  seq,;  analysis  of  iron-ore,  xx, 
115 ;  analyses,  of  slag,  xx,  120,  122 ;  details  of  charges  at,  xx, 
118  et  seq, ;  experiments  with  Imperatori  process  at,  xx,  111 ; 
high  percentage  of  sulphur  in  ores  of,  xx,  115 ;  magnetic  con- 
centration at,  XX,  603 ;  iron-ore,  reduced  by  Sturtevant  Mill, 
xvii,  734. 
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Croton  water-shed,  N.  Y.,  xix,  705, 

Crowfoot  coal-mine,  Manitoba,  Can.,  xviii,  314 

Crown  Point  iron-mine,  Essex  county,  N.  Y,,  xvii.  746;  xviii, 

748 ;  concentrates  of  iron-ores,  xx,  585. 
Croydon  gold-mining  district,  Queensland,  xx,  133. 
Crozer  iron-mines,  Roanoke  county,  Va.,  xix,  1026. 
Crucibles :  brasqued  with  charcoal  for  tin-assay,  xviii,  6  -,  chalk- 

lined)  xviii  {5],  37  ]  of  plumbago,  or  lined  with  magnesia,  for 

melting  aluminum,  xviii,  533. 
Crushers :  Blake,  xvi,  753;  Gates,  xvii,  510;  xviii  [265,  401] ;  xx 

[432J ;  ore,  xvi,  681. 
Crushing-machines,  xvi,  681. 
CryHaUine  Magnetite  in  the  Port  Henrys  New  York  Mines  (Birkinbine), 

xviii  [xxa^i],  747- 
Orystalline  Sub-Sulphide  af  Iron  and  Nickd  (Mackintosh),  xvi  [xxv]^ 

117. 
Crystalline  rocks,  iron-ores  in,  xix,  5  0t  seq. 
Crystal  in  basic  converter-slag,  xvii,  89. 
Cuartel  gold  and  silver-mines,  district  of  Libano,  Republic  of 

Colombia,  S.  A.,  xvi,  305. 
Cuba :  asphaltic  earth,  xviii  [679,  582] ;  Juragua  iron-mines,  xix 

[291]. 
Cuba  oil-spring,  Allegany  county,  N.  Y,,  xvi,  906. 
Cuban  asphalt,  xvii,  362. 

Culm-banks,  fuel  in,  in  Pennsylvania,  xx,  615,  627. 
Culm,  carbon  of,  converted  into  producer-gas,  xx,  625. 
Cultivation  of  mushrooms  in  abandoned  mines  at  Akron,  N.  Y., 

xvii,  248. 
Cumberland  coal-field,  N.  8.,  xvi,  137  ^139]. 
Cumberland  county.  Nova  Scotia,  coal,  xviii,  201. 
Cumberland  iron-mine,  Gunnison  county,  Colo.,  xviii,  272. 
Curry  iron-mine,  Menominee  range^  Mich.,  xvi,  529. 
Curtis,  Gram:    Appaxatus  for  the  Manipviation  of  Iron  and  Steel 

Plates  During  the  Process  of  Finishing,  xx  [tett;],  347 ;  The  Hand- 
ling of  Ingots  and  Moulds  in  Bessemer  Steel- Works^  xx  [Ixlv],  351. 
Cusihuiriachic,  Chihuahua,  Mexico:  silver-ores  treated  by  Russell 

process,  xvi  [367,  436],  479 ;  silver-mill,  xx,  29. 
Custer  county,  So.  Dak.,  gold-ore,  xvii,  578,  579, 
Custer  silver-mine,  Custer  county,  Idaho,  xvi,  372, 
Cutting-tools  of  cast-iron  with  chilled  edges,  xix,  317. 
Cayal  silver-mine,  Honduras,  C.  A.,  xx,  402. 
Cycads,  fossil,  in  Honduras,  C.  A.,  xvii,  432,  435. 
Cyclone  pulverizer,  xx,  386  et  seq,,  589. 
Cyclops  iron-mine,  Menominee  county,  Mich.,  xvi,  173,  531,  536, 

893. 
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Dad  Town  silver-mine,  Red  Mountain    district,  Ouray  county, 

Colo.,  xvi,  575. 
Daelen,  R.  M.  ;  Notes  on  Present  Improvements  in  German  Sted-  Works 

and  RoUing-MillSy  xix  [mt],  523. 
Daggar,  John  H.  J.,  remarks  in  discussion  of  Mr.  Hadfield's  paper 

on  aluminum-steel,  xix,  1085. 
Daggett,  Ellsworth  :  The  Russell  Process  in  its  Practical  Application 

and  Economic  Results,  xvi  [xxxm],  362;   on  decanting>pipes,  xx 

[7]  ;  on  press-tanks,  xx  [12]. 
"  Daintree's  desert  sandstone,"  Queensland,  xx,  135, 146. 
Dakota^  coal -prod  notion  of,  in  1887-88,  xviii,  124. 
Dakota  formation  in  Florence  oil-field,  Colo.,  xx,  448. 
Dakota  sandstone  in  northwestern  Colorado,  xvii,  376. 
Dalrymple  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 
Daly  silver-mine  and  mill,  Park  City,  Summit  county,  Utah,  xvi 

[5],  13  [18],  372  et  seq, ;  visit  to,  xvi,  xxii. 
Dam  at  Walnut  Grove,  Yavapai  county,  Ariz.,  xvii,  476. 
Dana,  E.  S. :  classification  of  natural  magnetic  minerals,  xix  [289] ; 

on  magnetic  properties  of  magnetite,  xvii,  736. 
Danbury,  Stokes  county,  N.  C,  magnetic  iron-ores,  xx,  181. 
Dancy  farm,  Genesee  township,  Allegany  county,  N-  Y.,  gas-well, 

xvi,  935. 
Dannemora  iron-mine,  Sweden,  xvii,  603 ;  stripping  at,  xviii,  634. 
Dan  River  coal-field,  North  Carolina,  xviii  [123]. 
Danville  iron-mines,  Montour  county,  Pa.,  present  condition  of, 

XX,  374. 
Darby,  John  H.,  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 

aluminum  steel,  xix,  1085. 
Darby  process  of  recarburization,  xix,  790. 
Darling  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 
Daubree :  on  copper  in  eruptive  rocks,  xvii,  482;  on  the  relation 

of  tin-ores  to  other  minerals,  xvii,  594. 
Davis-Colby  Oi^e-Roaster  (Valentine),  xviii  [pi^xv],  303. 
Davis-Colby  roasting-kilns  for  iron-ores,  xvii,  721 ;  xx,  605. 
Davis   and    Haldema^i    oil-wells,  Genesee    township,  Allegany 

county,  N.  Y.,  xvi  [928],  933. 
Davis  Mill  section,  Bedford  county,  Va.,  iron-ores,  xx,  179. 
Davis  oil-wells,  Genesee  township,  Allegany  county,  N.  Y.,  xvi 

[928],  933. 
Daviess  county,  Ky.,  coal,  xvi  [582]. 
Dawes,  H.  F.  :  Chinese  Silver-Mining  in  Mongolia^  xx  [/mi],   88; 

method  of  phosphorus  determination,  xvii,  750. 
Day's  Gap,  Walker  county,  Ala.,  coal-mines,  xvii,  210,  219. 
Dayton,  Nev.,  Lyon  silver-mill,  treatment  of  tailings  at,  xix,  195. 
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Dead  wood  gold-mine  and  stamp-mill,  Terra  ville,  Black  Hills,  S. 

Dakota,  xvii,  500,  573  et  aeq. 
Deakin's  coal-mine  (outcrop),  Sequatchie  county,  Tenn.,  xvii  [47]. 
Dean,  George  A  ,  remarks  in  discussion  of  American  blast-furnace 

practice,  xx,  267,  268,  277. 
Deaths  of  members  and  associates:  1888,  xvi,  ocxxiv;  1889,  xvii, 

xxzviii;  1890,  xviii,  xxxiv ;  1891,  xix,  xxx. 
De  Bardeleben  Coal  and  Iron  Co.,  Bessemer,  Ala.,  xvii,  152,  223 

et  seq. 
Debray :  on  gold  chloride,  xvii,  8;  on  volatility  of  gold,  xvii  [41. 
Decanting-pipes  for  lixiviation  plant,  xx,  7. 
Decay  of  rock,  xviii,  336, 
Dedication  of  the  HoUey  memorial,  ;{:x,  xvii. 
Deep  River  coal-field.  North  Carolina,  xviii  [123]. 
Deer  Creek  coal-mine,  Walker  county,  Ala.,  xvii,  219. 
Deflection  of  rails,  xviii,  230  el  seq. 
De  Gournay  on  Koepe  system  of  winding,  xvii  432. 
De  Kaap  gold-field,  Transvaal,  geology  of,  xviii,  334. 
De  la  Bouglise  process  for  leaching  silver-quartz  and  siliceous 

tailings  of  silver-lead  ore,  xvi  [31]. 
Delano,  Frederic  A. :  Certain  Conditions  in  the  Manufacture  of  Steel 

Rails,  which  may  Greatly  Influence  their   Life  in  Service,  xvi 

[xxxvi],  694 ;    Rail-Sections,  xvii  [xxxi{]y  421 ;  on  rail-sections, 

xviii,  237. 
Delano,  W.  H.  :  remarks  in  discussion  of  Mr.  Greene's  paper  on 

asphalt  and  its  uses,  xvii,  373 ;  on  use  of  asphalt  in  founda- 
tions, xvii,  366. 
Delaware  county,  N.  Y.,  natural-gas,  xvi  [910],  917. 
Delaware  and  Hudson  Canal  Co.,  ventilating-fans  in  mines  pf, 

XX,  648  et  seq, 
Delaware.  Lackawanna  and  Western  R.R.  Co.,  ventilating-fans 

in  coal-mines  of,  xx,  658. 
Delta-metal  for  propellers,  xviii,  485. 
Delta  silver-mine,  Pitkin  county,  Colo.,  xvii  [171]. 
Democrat  silver-mine.  Aspen,  Colo.,  xvii  [171,  173]. 
Dbnton,  J.  E. :  The  Economy  of  Modern  Air-CompressorSy  xvii  [zliii]. 
Denver,  Colo.,  excursion  to,  xvi,  xxi, 
Departmerit  of  Metallurgy  and  Ecxmomijc  Geology  in  the  United  StcUes 

JNationcd  Museum  (Dewey),  xix  [mf],  232. 
De-phosphorizing  iron,  Thomas  process,  xvii,  86,  92 ;  xix,  362. 
Deposition  :  of  hematite,  xvii,  629  et  seq.;  of  iron-ores,  Menominee 

range,  Mich.,  xvi,  525 ;  in  Montana,  xvi,  56  et  seq. 
Description  of  the  Plant  of  the  Boston  Heating  Company  (Abbott), 

xvi  [oKCtx],  870. 
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Desloge,  John  M.,  remarks  in  discussion  of  Mr.  Armitage's  paper 
on  concentration  of  low-grade  ores,  xviii,  262. 

Desloge  Lead  Co.,  Bonne  Terre,  Mo.,  xviii,  263. 

Dc  Smet  gold-mine,  Central  City,  Black  Hills,  S.  Dak.,  xvii,  573 
et  seq. 

DeaiUphurizalion  of  PyritiferoUB  Iron-Ores  (Valentine),  xviii  [xx],  78. 

Determination  of :  aluminum  in  iron,  xix,  1081;  the  calorific 
power  of  a  mixed  gas,  xix,  133 ;  carbon  by  the  colorimetric 
method,  xvi,  111 ;  manganese  in  steel,  xvi,  355;  phosphorus 
in  certain  ores,  xvii,  750;  phosphorus  in  iron,  xvi,  269;  phos- 
phorus in  pig-iron,  stee),  and  iron-ore,  xviii,  705;  phosphorus 
in  pig-iron  by  the  acetate  method,  xix,  131 ;  silica  in  blast- 
furnace cinder,  xvi,  89 ;,  the  specific  heat  of  a  mixed  gas,  xix, 
131. 

Determination  of  Iron  in  the  Tails  from  Magnetic  Concentration  (Lan- 
Dis),  XX  \lxii]j  609. 

Determination  of  Pliosphorus  in  Iron  and  Steel  (Shimer),  xvii  [xxi], 
100. 

Determination  of  Silicon  in  Ferro-SUicons ;  Its  Occurrence  in  Alumi- 
num as  Graphitoidal  Silicon ;  and  a  Study  of  its  Rea/Aions  with 
Alkaline  Carbonates  (Williams),  xvii  [xxocit],  542. 

Detroit  Copper  Co.,  Clifton  district,  Ariz.,  xix,  689. 

Development  of  American  BloM-Fumaces^  with  Special  Reference  to 
Large  Yields  (Gayley),  xix  [xxxi],  932. 

Development  of  the  Marine  Engine^  and  the  Progress  made  in  Marine 
Engineering  During  the  Past  Fifteen  Years  (Seaton),  xix  [aac],  855. 

Development  and  Statistics  of  the  Aloiam^  Coal-Fidds  for  1877  (Ash- 
burner),  xvii  [xodi],  206. 

Devereux,  W.  B.,  on  the  occurrence  of  gold  in  the  Black  Hills, 
S.  Dak.,  xvii,  572. 

Deville, :  on  silicon  in  aluminum,  xvii,  544;  on  volatility  of  gold, 
xvii  [4]. 

Devonian  formation:  Buffalo,  N.  Y.,  xvii,  250;  Greenbriar 
county,  W.  Va.,  xvii,  118;  not  found  in  Black  Hills,  S.  Dak., 
xvii.  571 ;  Ontario,  Can.,  xvii,  294,  299;  in  Virginia,  xx,  97. 

Dewey,  F.  P. :  The  Department  of  Metallurgy  and  Economic  Geology 
in  the  United  States  National  Museum,  xix  [vut],  232 ;  7%« 
HerouU  Process  of  Smelting  Aluminum-AUoys,  xviii  [xlvii]^  666 ; 
The  Lewis  and  Bartlett  Bag-Process  of  Collecting  Lead-tumes  at 
the  Lone  Elm  Works,  Joplin,  Missouri^  xviii  [xlmt],  674 ;  Note  on 
the  Nickel- Ore  of  Russell  Springs,  Logan  county,  Kansas,  xvii 
[xxi^i],  636 ;  Photographing  the  Interior  of  a  Ooal-Mine,  xvi  [xxp], 
307  ;  Pig-Iron  of  Unusual  Strength,  xvii  [xxw],  460 ;  on  phos- 
phate-slag, xvii  [89]  ;  on  sustaining  power  of  coke,  xvii  [146]. 
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Dexter  silver-mill,  Butte,  Mont,  xvii  [777]. 

Deyoc  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-well 

xvi,  936. 
Diamond  drill :  in  new  Croton  Aqueduct,  N.  Y.,  xix,  750  et  seq. ; 

at  Bendigo  gold-field,  Australia,  used  for  prospecting,  xx,  534. 
Dickerson  iron-mine,  Morris  county,  N.  J.,  xx,  215  et  seq. 
Dickert  &  Myers  Sulphur  Co.,  Utah,  xvi,  33. 
Dieuze  salt- well,  Dieuze,  German  Lorraine,  xvii  [110]. 
Differential  Regenerative  Hot-Blast  Stove  and  its  Application  to  an  Open- 
Hearth  Blast-Fwmace  (Wainwright),  xvii  [a;a;i;t],  132. 
Dimensions  of  lixiviation-tanks,  xx,  4. 
Direct  Determination  of  Aluminum  in  Iron  and  Steel  (Drown  and 

McKenna),  XX  [  Wii],  242. 
Direct  processes  in  iron  and  steel  manufacture,  xvi,  334. 
Disaster  in  welding-works,  near  Essen,  Germany,  xx,  85. 
Discovery  :  of  ore-deposits.  Aspen  Mountain,  Colo.,  xvii,  158 ;  of 

tin  in  Black  Hills,  S.  Dak.,  xvii,  588. 
Disease  germs  in  water,  how  detected,  xvii,  347. 
Distribute  Branch  coal-mine,  Marion  county,  Tenn.,  xvii  [47]. 
Dietrihution  of  Phosphorus  in  the  Hudson  River  Carbonates  (Olmsted], 

xviii  [xxi],  252. 
Distribution  of  Phosphorus  in  the  Ludington  Mine^  Iron  Mountain , 

Michigan :  A  Study  in  Isochemic  Lines  (Browne),  xvii  [xlii]y  616. 
Dixon  claim,  Aspen,  Colo.,  xvii  [178]. 
Dixon  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county,  Utah, 

xvi,  12, 17. 
Dobriansky,  Russia,  iron- works  of  Count  Stroganoff,  xvi,  334  et 

seq. 
Dodge  breakers,  xx  [395]. 
Dodge  fan,  xx,  663,  675. 
Doe,  J.  S.,  on  practical  application  of  electricity  to  coal-mines  (in 

Mr.  Spaulding's  paper),  xix,  276. 
Doelter  on  varying  suisceptibility  of  minerals  to  magnetic  attrac- 
tion, xvii  [735]. 
Dolomite  :   analyses  of,  xvi,  719 ;  Aspen  Mountain,  Colo.,  xvii, 

163  et  seq.  ;   North  Birmingham,  Jefferson  county,  Ala.,  xvii, 

61,  63. 
Dolomite  brick,  analysis  of,  xvi,  719. 
Dolores  silver-mine,  Honduras,  C.  A.,  xx,  402. 
Dominion  Mineral  Co.,  Ludburg,  Ont,  Can.,  visit  to  mines  and 

works,  xviii,  xxix. 
Donaldson  <fe  Co.,  coal-mines,  Coal  Valley,  Walker  county,  Ala., 

xvii,  210,  219. 
Donaldson's  ore-bank,  near  Muirkirk,  Md.,  xvii  [465]. 
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Dorrance  coal-mine,  Wilkes-Barre,  Pa.,  xx  [655]. 

Dos  Hermanos  Mining  and  Milling  Co.,  Honduras,  C.  A.,  gold- 
and  silver-mines,  xx,  401. 

Double  chloride  of  gold  and  silver  supposed  to  be  formed  in  Miller 
process,  xvii,  33. 

Douglas,  James  :  The  Copper-Resources  of  the  United  StaieSy  xix  [ix], 
678;  remarks  in  discussion  of  Mr.  Spaulding's  paper  on  elec- 
tric power-transmission,  xix,  286. 

Dovcy  coal-mine,  Muhlenberg  county,  Ky.,  xvi  [584]. 

DowD,  Edward,  remarks  in  discussion  of  American  blast-furnace 
practice,  xx,  270. 

Dragon  iron-mine,  Tintic  district,  Juab  county,  Utah,  xvi,  10. 

Dredge,  James,  HoUey  memorial  address  by,  xx,  xix. 

Dressing- works  (see  all  lead-works),  St  Joseph  Lead  Co.,  Bonne 
Terre,  Mo  ,  xvii,  659. 

Drifton,  Pa.,  the  iron  coal-breaker  at,  xix,  398 :  visit  to,  xx,  IxvUL 

Drilling  and  excavating  with  electric  motor,  xvi,  856. 

Drills  :  diamond,  used  for  prospecting  at  Bendigo  gold-field, 
Australia,  xx,  534;  electric  diamond  prospecting,  xx,  322; 
electric  percussion,  xx,  323 ;  rock,  at  Pratt  mines,  Ala.,  xix.  307. 

Droitwich  salt-wells,  Droitwich,  Eng.,  xvii  [110]. 

Drown,  Thomas  M.  :  Influence  of  Silicon  on  the  Determination  of 
Phosphorus  in  Iron,  xviii  [axcfl,  90 ;  remarks  in  discussion  of 
magnetic  concentration  of  iron-ore,  xx,  582 ;  on  the  action  of 
alkaline  carbonates  on  pig-iron,  xvii,  543 ;  analysis  of  Was- 
saic  pig-iron,  xvii,  473;  method  for  phosphorus-determination, 
xviii,  711  et  seq, ;  on  reduction  of  ferric-sulphate  in  volume- 
tric analysis,  xvii,  412 ;  terms  for  describing  ihe  color  and 
odor  of  surface  waters,  xvii,  340 ;  use  of  calcium-chloride 
solution  in  separating  coal  from  slate,  xvii,  145. 

Drown,  Thomas,  M.,and  McKenna,  Alex.  G.  :  The  Direct  Deter- 
mincUion  of  Aluminum  in  Iron  and  Steely  xx  [Jtrtti],  242. 

Drown  and  Muhlenberg  on  method  for  determination  of  phos- 
phorus in  iron  and  steel,  xvii,  102. 

Drumb  farm,  Wirt  township,  Allegany  county,  N.  Y.,  oil-well, 
xvi,  937. 

Drummondville,  Quebec,  Can.:  bog-iron-ore,  xvi,  140;  iron- 
works, xvi,  135. 

Dry  Assays  of  Tin-Ores  (Hopman),  xviii  [asw],  3. 

Dry  Canon,  Tooele  county,  Utah,  silver-lead-mines,  xvi  [6],  15. 

Drying-chamber  for  precipitates  at  Marsac  mill.  Park  City, 
Utah,  XX,  12.  V 

Ducktown  copper-mines,  Polk  county,  Tenn.,  xix,  680,  694 ;  xx, 
214 ;  copper-deposit  of,  compared  with  that  of  Black  Hills 
S.  Dak.,  xvii,  581. 
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Dudley,  C.  B.  :  The  Wear  of  Metal  as  Influenced  by  its  Chemical  and 
Physical  Properties^  xix  [xxxi],  892 ;  remarks  in  discussion  of 
Mr.  Hunt's  paper  on  tests  of  structural  wrought-iron  and 
steel,  XX,  701 ;  remarks  in  discussion  of  Prof.  Langley's  paper 
on  international  standards  for  the  analysis  of  iron  and  steel, 
xix,  636 ;  remarks  in  discussion  of  magnetic  concentration  of 
iron-ore,  xx,  580,  583 ;  on  steel  rails,  xvii  [233]. 

Dudley,  P.  H.  :  A  System  of  Rail-Sections  in  Series^  xviii  \_xlvii\^  763 ; 
The  Wear  of  Rails  as  Related  to  Their  Section,  xviii  [xxv],  228 ; 
rail  of  N.  Y.  C.  and  H.  R.  railroad  designed  by,  xvii,  783. 

Dudsville  Lime  and  Marble  Co.,  Marblehead,  Can.,  visit  to  quar- 
ries of,  xviii,  xxviii. 

DuFaur,  a.  Faber,  The  Sulphur-Deposits  of  Southern  Utah,  xvi 
[xviii],  33. 

Duke  &  Norton  oil-wells,  Alma  township,  Allegany  county,  N.  Y., 
xvi,  932. 

Dulang,  Chinese,  used  in  gold-washing,  xx,  332. 

Duluth,  St.  Louis  county,  Minn. :  capacity  of  coal-docks  at,  xvi, 
170;  cost  of  producing  pig-iron  at,  xvi,  200;  receipts  of  coal 
at,  xvi,  170;  receipts  of  grain  at,  xvi,  170;  shipment  of  iron- 
ores  from,  xvi,  183. 

Dumping-cradles  for  mine-cars,  xvii,  564. 

Dump-piles  of  iron-mines  reworked,  xvii,  729. 

Dunham  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  oil- 
wells,  xvi,  937. 

Dunn  &  Co.,  coal-mines,  York,  Walker  county,  Ala.,  xvii,  210. 

Dunn  iron-mine,  Menominee  range.  Lake  Superior,  xvii,  718. 

Durant  silver-mine.  Aspen,  Colo.,  xvii,  171  et  seq. 

Durfee,  William  F.  :  remarks  in  discussion  of  Mr.  Daelen's  paper 
on  improvements  in  German  steel-works,  xix,  538 ;  remarks  in 
discussion  of  Mr.  Howe's  paper  on  the  Bessemer  process,  xix, 
1169. 

Durham  blast-furnace,  Riegelsville,  Bucks  county,  Pa.,  xx  [274] ; 
filling  and  blowing  in,  xviii,  379. 

Dutchess  county,  N.  Y. :  iron  district,  xvii,  745  et  seq,  ;  natural 
gas,  xvi,  908. 

DwiGHT,  Arthur  S.,  remarks  in  discussion  of  Mr.  Neill's  paper 
on  stone-coal  in  the  lead  blast-furnace,  xx,  169. 

Dynamite,  tests  of,  xviii,  515,  525. 

Eagle  gold-mine  and  stamp-mill,  Montgomery  county,  Md.,  x\'iii, 

401,  403. 
Eagl.e  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  163. 
Earle,  F.  C,  analysis  of  limestone,  xvii,  774, 
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Eastport,  Granby,  Mo.,  lead-deposits,  xviii,  676. 

Eaton,  Prof. :  experiments  on  natural  gas  in  Oneida  county,  N. 
Y.,  xvi,  909 ;  on  the  geology  of  Niagara  River,  xvii,  398. 

Eclipse  silver-lead-mine,  Little  Cottonwood  Cafion,  Salt  Lake 
county,  Utah,  xvi  [5]. 

Economic  geology,  department  of,  at  U.  S.  National  Museum, 
Washington,  D.  C,  xix,  232. 

Economy/  of  Modem  Air-Compressors  (Denton),  xvii  [xliii]. 

Edgar  Thomson  blast-furnaces :  Pittsburgh,  Pa.,  xvii  [756] ;  xx, 
262  et  seq. ;  furnaces  A-  and  B,  genesis  of,  xix,  67Aetseq.; 
records  of  working  and  product  of,  xix,  937  el  seq. 

Edgar  Thomson  Steel  Co.,  Bessemer,  Allegheny  county.  Pa.,  xvii 
[150]  ;  visit  to,  xix,  xxiv. 

Edison,  Thomas  A.,  and  Birkinbine,  John  :  The  OoncerUration  of 
Iron-  Ore^  xvii  [xxxi]^  728. 

Edison :  concentrates  of  iron-ore,  xx,  585 ;  iron-works,  Ogden,  Sus- 
sex county,  N.  J.,  xx,  225 ;  laboratory  at  Llewellyn,  N.  J., 
session  of  Institute  at,  xvii,  xzxi]  visit  to,  xix,  zvi;  magnetic 
ore-separator,  xvii,  741  et  seq. ;  xix,  667. 

Edmonson  county,  Ky. :   coal,  xvi  [582],  584 ;  iron-ore,  xvi,  592. 

Education,  technical,  xvi,  623. 

Effect  of  Velocity  and  Tension  of  Gases  on  the  Reduction  of  Ores  in  the 
Blast-Fumace  (Robinson),  xvii  [axcin],  282. 

Efficiency  of  a  Steawr Boiler  Using  the  Waste-Oas  of  a  Blast-Furnace  <u 
Fad  (Jacobus),  xvii  [xxtt],  50. 

Egleston,  Dr.  Thomas:  A  Glossary  of  Furnace  Tgrms  in  EngliA, 
French  and  German,  xvi  [xxziv],  313 ;  Some  Thoughts  aiui  Sug- 
gestions on  Technical  Edibcalion^  xvi  \xxwi%\^  623 ;  Ihe  Treatment 
of  Mne  Gold  in  the  Sands  of  Snake  River ^  Idahoy  x\dii  [xxi?],  597 ; 
remarks  in  discussion  of  Mr.  Austin's  paper  on  matting  dry 
auriferous  silver-ores,  xvi,  263 ;  on  analysis  of  rocks,  xx,  579. 

Ehrenwerth,  Prof,  von,  experiments  at  Austrian  iron-works,  xx, 
112,  114. 

Eilers,  A.,  on  metallurgical  value  of  western  lignites,  xx  [166]. 

EiLERS,  Karl  ;  Electric  Locomotives  in  German  Mines^  xx  [Ixiit],  356 ; 
The  Manufa^cture  of  Liquid  Sulphurous  Acid  in  Upper  Silesia,  xx, 
[tew],  336. 

Elasticity  defined,  xviii,  810. 

Elaterite  in  Utah,  xviii,  497. 

El  Campeon  gold-mine,  Colombia,  S.  A.,  xviii,  211. 

El  Cristo  silver-mine,  Department  of  Tolima,  Colombia,  S.  A , 
xvui,  212. 

Eldridge,  Geo.  H.  :  The  Florence  OilrF^dd,  Colorado,  xx  [hit],  442. 

Elections :  of  members  and  associates :  Birmingham,  1888,  xvii, 


INDEX,  VOLS.   XVI  TO   XX.  61 

'Eltttions— Continued. 

XX ;  Boston,  1888,  xvi,  xxix;  Buffalo,  1888,  xvii,  xocxix;  Cleve- 
land, 1891,  XX,  Ivii;  Denver,  1889,  xviii,  xviii;  Duluth,  1887, 
xvi,  xxiv ;    Glen  Summit,  1891,  xx,  hvi;   New  York  City, 

1889,  xvii,  xxxix;  189^,  xix,  xi;  Ottawa,  1889,  xviii,  xxvii; 
Washington,  1890,  xviii,  xlviii;  by  maiL  1890,  xix,  x;  1891, 
xix,  xii,  xiv;  of  officers:  1888,  xvi,  xxxi;  1889,  xvii,  xxxiii; 

1890,  xviii,  xlvi;  1891,  xix,  xxv. 

Electrical  Accumulators  or  Storage  Batteriea,   (Salom),  xviii  [xZw], 

348. 
Electrical  properties :  of  aluminum,  xviii,  550;  of  silver-bronze, 

xviii,  496. 
Electric  currents  of  high  voltage,  xvii,  561. 
Electric  furnace,  Cowles,  xviii  [831]. 
Electric  insulation  by  Ferranti's  system,  xvii  [561]. 
Electricity  :  employed  in  smelting  and  welding,  xvii,  559 ;  xviii, 

532, 666  et  aeq. ;  xix,  877,  1046 ;  mechanical  equivalent  of,  xviii, 

a53. 
Electricity  and  Haulage  (Pocock),  xviii  [axm],  412. 
Electricity  in  Mining^  as  Applied  by  the  Aspen  Mining  and  Smelting 

Company^  Aspen,  Colo,  (Holt),  xx  [teit;],  316. 
Electicity  in  Welding  and  MetaUWorhing  (Wood),  xx  \lv%\^  249. 
Electric  Locomotives  in  Oerman  Mines  (Eilers),  xx  {lxii%]f  356. 
Electric  mine-locomotives :  xviii,  413 ;  xix,  258 ;  xx,  357  et  seq. ; 

at  Erie  colliery.  Pa.,  xviii,  413;  Thomson-Van  Depoele,  ca- 
pacity and  size  of,  xx,  368. 
Electric  Motor  in  Mining  Operations  (Mansfield),  xvi  [xxix],  851. 
Electric  power  applied  to  mining-machinery :  advantages  of,  xx, 

323 ;  at  Aspen,  Colo.,  xvii  [156],  563 ;  xx,  316 ;  coal-cutters, 

xix,  261 ;  at  Comstock  silver-mines,  Nev.,  xvii,  558 ;  drill,  xix, 

260;  hauling  and  hoisting,  xix,  267  etseq. ;  lighting,  xix,  270; 

locomotives,  xviii,  413;  xix,  258;  xx,  357  et  seq,;  pumping 

and  hauling  at  Normantown  colliery,  record  of,  xviii,  422; 

pumps,  xix,  267. 
Electric  Po^ver-Transmission  in  Mining- Operations  (Spauldinq),  xix 

[viiil  258. 
Electric  power-transmission  in  mines,  xvii,  555 ;  xix,  268 ;  in  Ger- 

m(«n  mines,  xx,  357. 
Electric  smelting  for  aluminum-alloys,  xviii,  666  et  seq. 
Electrolytic  assay  of  copper,  xvii,  406. 
Electrolytic  deposition  of  metals,  experiments  in,  xx,  243. 
Electro-magnetic  reciprocating  engine,  xix,  273. 
Electro-metallurgical    plant    for    aluminum:   at    Neuhausen, 

Switzerland,  xviii,  671 ;  at  Boonton,  N.  J.,  xviii,  672. 
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Elevating  machinery  for  coal  at  Drifton,  xix,  430. 

Elgin  decision  bearing  on  the  question  of  end-lines  in  mining 
claims,  xvii,  790  et  seq. 

Elk  county,  Pa.,  natural  gas,  xvi»  915. 

Elk  Creek,  Delaware  county,  N.  Y.,  natural  gas,  xvi  [910]. 

Elk  Mountains,  Gunnison  county,  Colo.,  xvi,  825,  830 ;  xvii,  180. 

Elliott,  Andrew,  description  of  Niagara  Falls,  xvii  [322]. 

Elliott  coal-mine,  Sequatchie  county,  Tenn.,  xvii  [47]. 

Elliott  gas-analyzing  instruments,  xvii  [51]. 

Elliot  locked-rope  cables,  xx,  769. 

Ells,  R.  W.  :  Mining  Industries  of  Eastern  Quebec,  xviii  [xxp],  316. 

Elmer  Lee  silver-mine,  Butte,  Silver  Bow  County,  Mont,  xvi 
[59]. 

Elmer  Ray  silver-mine,  Juab  county,  Utah,  xvi  [10]. 

El  Pais  silver-mine,  Honduras,  C.  A.,  xx,  405. 

Elsener  on  volatility  of  gold,  xvii  [4]. 

El  Talento  gold-mine,  Colombia,  S.  A^  xviii,  211. 

Ely  copper-mine,  Vershire  district,  Vt,  xix,  680,  694. 

Ely  iron-mine,  Vermilion  district,  Minn.,  xvi,  180, 182. 

Ely,  Theo.  N.,  on  specifications  for  testing  structural  wrought-iron 
and  steel,  xx,  709. 

Embolite  at  the  Rosario  mine,  Honduras,  xvii  [442]. 

Emery  county,  Utah,  coal,  xvi,  357. 

Emery  testing-machine,  report  of  tests  by  the  Yale  and  Towne 
Manufacturing  Co.,  Stamford,  Conn.,  xvii,  462. 

Emma  furnace,  Lewistown,  Pa.,  xx,  269. 

Emma  silver-mining  claim,  Aspen  Mountain,  Colo.,  xvii,  160,  et 
seq. 

Emma    silver-lead-mine,  Little   Cottonwood   Cafion,  Salt  Lake 
"   county,  Utah,  xvi,  3  et  seq. 

Emmerton's  method  of  determining  phosphorus  in  iron  and 
steel,  xviii,  90,  94,  706  et  %eq, 

Emmons,  Prof.  E.,  on  the  geology  of  Montgomery  county,  Md., 
gold-belt,  xviii,  393. 

Emmons,  S.  F.  :  Notes  on  the  geology  of  Butte,  Montana^  xvi  [jcwmJ? 
49 ;  Notes  on  the  Gold-Deposits  of  Montgomeiy  county,  Maryland^ 
xviii  [xlvii],  391 ;  Structural  Relations  of  Ore-Deposits,  xvi  [ascrmj, 
804 ;  Geology  of  the  Black  Hills,  S.  Dak.,  xvii,  572 ;  of  Lead- 
\4lle,  Colo.,  xvii  [164],  586 ;  of  the  Mosquito  range,  Leadville, 
Colo.,  xvii,  167 ;  on  Leadville  ore-deposits,  xviii,  147 ;  on  ore- 
deposits,  xvii,  445,  448 ;  on  ore-deposits  of  Red  Mountain  dis- 
trict, Colo.,  xvii,  262 ;  xviii,  143. 

Empire  coal-mines,  Christian  county,  Ky.,  xvi  [685].    * 

Empire  coal-mine,  Wilkes-Barre,  Pa.,  xx  [652,  667], 
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Empire  Gas  and  Fuel  Co.,  Limited,  Wellsville,  N.  Y.,  xvi,  935. 
Empire  gold-mine,  Grass  Valley,  Nevada  county,  Cal.,  xviii,  643. 
Enargite  in  copper-veins  at  Butte,  Mont,  xvi.,  62,  64. 
End-Lines  and  Side-Lines  in  the  United  States  Mining  Law  (Raymond), 

xvii  [xxxi],  787. 
Energy  and  utilization  of  fuel,  solid,  liquid  and  gaseous,  xviii, 

859. 
Engelhardt,  Dr.  F.  E.,  record  of  State  gas-well,  Syracuse,  N.  Y., 

xvi,  944. 
Engineering  laboratory,  need  of,  xvii,  385. 
Engineering  profession,  its  present  needs,  xvii,  380. 
Engineering  Relations  of  the  Yellowstone  Park  (Comstock),  xvi  [xix], 

46. 
English  method  of  jigging :  advantages,  xvii,  655 ;  objection  to, 

xvii,  656. 
English  versus  the  Continental  System  of  Jigging — 7a  Close  Sizing  Ad- 
vantageous ?  (Munroe),  xvii  [xli%\y  637. 
Ensley  blast-furnaces,  Ensley,  Ala.,  xvii,  135  [152];  xx,  257; 

visit  to,  xvii,  xxiL 
Enterprise,  Miss.,  new  discovery  of  carbonate  iron-ore  at,  xvi,  146. 
Enterprise  silver-mine,  Red  Mountain  district,  Ouray  county, 

Colo.,  xviii,  141. 
Enterprise  tunnel,  Aspen,  Colo.,  xvii  [176]. 
Equal-falling  spheres,  diameter  of,  xvii,  650. 
Equalization  of  Load  on  Winding- Engines  by  the  Employment  of  Spiral 

Drums  (Rogers),  xvii  [icm],  305. 
Erie  clay  formation,  xvii  [402]. 
Erie  coal-mine,  Lackawanna  county,  Pa.,  xviii,  412. 
Errors  in  lixiviation,  xx,  16. 
Eruptive  rocks:  containing  copper,  xvii,  482;    in  Yellowstone 

Park,  x\i,  788. 
Escanaba,  Delta  county,  Mich.,  shipping-port  for  iron-ores,  xvi, 

172. 
Escondite  gold  and  silver-mines,  district  of  Libano,  Republic  of 

Colombia,  S.  A.,  xvi,  305. 
Esperanza  gold  and  silver-mines,  district  of  Libano,  Republic  of 

Colombia,  S.  A.,  xvi,  304. 
Essen,  Germany,  disaster  in  welding-works  near,  xx,  85. 
Estimation  (see  also  Determination)  of  manganese  in  steel,  xvi, 

720,  721. 
Ethel  furnace,  Joliet  Steel  Co.,  Joliet,  Will  county,  Ills.,  xvii 

[285]. 
Etna  coal-mine.  Centre  county.  Pa.,  xvi,  543. 
Etta  tin-mine,  Black  Hills,  S.  Dakota,  xvii,  589  et  seq,,  786. 
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Euboea,  Greek  island  of,  magnesite,  xvi,  720,  721. 

Eureka  blast-furnace,  Birmingham,  Ala.,  xvii  [152,  222]. 

Eureka  Coal  Co.,  Ala.,  xvii,  223  et  seq. 

Eureka  district,  Nev.,  ore-depo8it^  of,  xvi  [833]. 

Eureka  Extended  gold-mine,  Victoria,  Australia,  xx,  467. 

Eureka  gold-mine,  Honduras,  C.  A.,  xx,  401. 

Eureka  Hill  silver-lead-mine,  Tintic  district,  Jilab  county,  Utah, 
xvi,  9, 17. 

Eurypterus  in  Buffalo  cement-rock,  xvii,  251. 

Eustis  copper-mine,  Quebec,  Can.,  xviii,  319. 

Eustis  on  methods  of  copper  analysis,  xvii,  406. 

Eustis  smelting-works,  Sherbrooke,  Quebec,  Can.,  xviii  [319]. 

Evans  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-well, 
xvi,  936.' 

Evans  nickel-copper  mine,  Sudbury,  Can.,  xviii,  280,  283. 

Evans  ore-dressing  table  compared  with  Rittinger  table,  xviii, 
265. 

EvELETH,  J.  K.,  remarks  in  discussion  of  Mr.  Jones's  paper  on 
rapid  reduction  of  ferric  sulphate  in  volumetric  analysis,  xvii, 
757. 

Evening  Star  silver-mine.  Lake  county,  Colo.,  xviii  [169]. 

Evergreen  Bluff  copper-mine.  Lake  Superior,  Mich.,  xix,  682. 

Evergreen  silver-lead-mine,  Little  Cottonwood  Caiion,  Salt  Lake 
county,  Utah,  xvi  [13]. 

Excavation  of  .the  new  Croton  Aqueduct,  notes  on,  xix,  705. 

Excelsior  copper-mine,  Quebec,  Can.,  xviii,  320. 

Excelsior  Geyser,  Yellowstone  Park,  sodium  arseniate  in.  xvi,  802. 

Excelsior  sulphur  claim,  Beaver  county,  Utah,  xvi  [34]. 

Excursions  and  entertainments:  xvi,  xxi,  xxviy  xxxmi ;  xvii,  aarn, 
xxix,  xliii  ;  xviii,  xxi,  <jcxviii,  I ;  xix,  xv^  xxiv  ;  xx,  lix,  locviii  ;  Euro- 
pean trip,  xviii,  xxxvii;  general  excursion  arranged  by  the 
American  reception  committee,  1890,  xix,  xocxii. 

Experiments:  on  blast-furnace  gases,  xx,  280 ;  determining  the 
laws  governing  movement  of  bodies  in  narrow  channels,  xvii, 
640 ;  to  force  mercury  into  contact  with  gold,  xvii,  315 ;  to 
illustrate  pressure  on  walls  of  blaat-furnace,  xvii,  148 ;  to  re- 
duce iron-ore  with  gases  of  different  velocity  and  tension, 
xvii,  285. 

Experiments  lUvstraling  the  Descent  of  the  Charge  in  an  Iron  Blasi-Fur- 
nace  (Richards  and  Lodge),  xvi  [xxiv],  149. 

Experiments  with  the  Imperatori  Process  at  Croton  Magnetic  Mine,  New 
York  (Nau),  XX  [Zrm*],  111. 

Explosions  from  Unknown  Carises  (Bayles),  xix  [wt],  18;  discussion, 
XX  [tew],  85. 
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Explosions :  of  fire-damp  at  Nanticoke,  Pa.,  xvii,  419 ;  of  gun- 
powder, form  of  crater  produced  by,  xviii,  370,  519. 
Explosives,  tests  of,  xviii,  370,  515. 
Exports  of  tin  from  Indian  Archipelago,  xx,  82. 

Fackenthal,  B.  F.,  Jr.:  Filling  and  Bloiving-in  at  the  Durham 
BlaM'Pumace,  xviii  [xlvii],  379 ;  Hollow  Iron  Pig-PaUerm^  xvii 
[xZ/t],  427. 

Fall  of  bodies  in  water,  laws  governing  the,  xvii,  638. 

Falling- velocity:  of  bodies  in  water,  xviii,  644;  of  grains  in 
water  and  glycerine,  xvii,  65S,  657. 

Fall  River  iron-works,  Mass.,  xviii  [214].  t 

Fans :  Bellevue,  xx,  658, 675;  Capell,  xx,  652  et  seq. ;  closed,  xx, 
637  et  mi,;  Dodge,  xx,  663,  675;  Guibal,  with'  Walker  anti- 
vibration  regulating  shutter,  xix,  37  ;  Guibal,  xx,  637  et  seq,  ; 
Holden,  xx,  663,  675 ;  open-periphery,  xx,  637  et  seq. 

Farish,  John  B.  :  Interesting  Vein  Phenomena  in  Boulder,  County^ 
Colorado^  xix  [tx],  547. 

Father  de  Smet  stamp-mill,  Central  City,  Lawrence  county,  S. 
Dak.,  xvii,  500  et  seq, 

Faulkner  coal-mines.  West  Virginia  xvii  [455], 

Fault-fissure  at  Aspen,  Colo.,  xvii,  205. 

Faults :  xx,  481  et  seq, ;  crushed  quartz  in,  xx,  492;  in  Iron  Hill, 
Leadville,  Colo.,  xviii,  150 ;  method  of  tracing  in  Combination 
Co.'s  mine,  Mont.,  xviii,  246;  in  the  Mosquito  range,  Colo., 
xvi,  824 ;  selvage  in,  xx,  500. 

Fearless  gcfyser,  Yellowstone  Park,  xvii,  554. 

Feoifihility  of  Using  Cheaper  Fuels  in  the  Blast-Furnace  (Wainwright), 
xvii  [xxii]^  96. 

Feather  River,  California,  electric  plant  on,  xvii,  558. 

Federal  Hollow,  Yates  county,  N.  Y.,  natural  gas,  xvi,  909. 

Feed-table,  suspended,  for  rolling-mills,  xix,  42. 

Feed-water  in  jigging,  and  the  effect  of  varying  its  quantity, 
xvii,  673. 

Fehling  on  volatilization  of  gold  by  discharge  of  electricity,  xvii,  4. 

Felsite  in  Honduras,  C.  A.,  xvii  [434]. 

Felton,  E.  C.  :  Oil  as  a  Metallurgical  FueU  xvii  [xjzti],  809. 

Fentress  gold-mine,  Guilford  county,  N.  C,  xvii,  314. 

Ferdinand  blast-furnace,  Hieflau,  Austria,  xvii,  756. 

Ferguson  coal-mine,  Bledsoe  county,  Tenn.,  xvii  [47]. 

Fbrnow,  B.  E.  :  Avalanches^  xviii  [xxij,  583 ;  The  Mining  Industry  in 

its  Relation  to  Forestry^  xvii  [pcxv]^  264 ;  remarks  in  discussion 

of  Mr.  Hunt's  paper  on  tests  of  structural  wrought-iron  and 

steel,  XX,  701 ;  on  annual  consumption  of  wood  as  fuel  in  the 

United  States,  xx,  413;  on  government  timber-tests,  xx  [lxii\, 
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Fcrranti  system  of  insulation,  xvii  [561]. 

Ferric  sulphate,  reduction  of,  in  volumetric  analysis,  xvii,  411 ,  757. 

Ferro-aluminum  in  foundry-practice,  xviii,  121. 

Ferro-manganese  :  economical  use  of,  in  open-hearth  practice, 
xviii,  89 ;  facilities  for  its  manufact|ire  in  Hiawassee  Valley, 
xvi,  850 ;  manufacture  of,  at  Oberhausen,  Germany,  xix,  348. 

Ferro-SUicon  and  the  Economy  of  its  Use  [Keep  and  Orton],  xvii 
Ixxm].  253. 

Ferro-f  ilicon  :  American  and  foreign  brands  compared,  x\Ti,  254 ; 
analyses,  xvii,  255;  influence  on  the  strength  of  cast-irou, 
xvii,  689;.  as  a  quieting  agent,  xx,  233;  used  as  a  softener  of 
pig-iron,  xvii,  684. 

Ferry  Hill  blast-furnace,  England,  xvii,  143,  149. 

Fertilizer  (phosphatic) :  annual  production  of,  in  the  United 
States,  xvii,  84 ;  basic  slag  used  as,  xlx,  362,  533,  831 :  phos- 
phate-slag, XX,  584. 

Fichtilite,  place  of,  among  hydrocarbons,  xviii  [592]. 

Filling  and  Bbwlng-in  at  the  Durham  Blaat-Fumace  (Fackenthal), 
xviii  [xlvii],  379. 

Filter-press  and  press-tank  for  lixiviation-plant,  xx,  11. 

Filters  for  ore-tanks,  xx,  4. 

Findlay  district,  Ohio,  natural  gas,  xvi  [917]. 

Finland  and  Russia,  history  of  bloomary  furnaces  in,  xvi,  334. 

Fire-brick,  effect  of  freezing  on,  xx,  268. 

Fire-brick,  hot-blast  stoves,  Massick's  and  Crooke's,  xix,  1036. 

Fire-clay  in  the  Black  Hills,  S.  Dak.,  x\'ii  [571]. 

Fire  Creek,  West  Virginia,  coal,  xix,  1033. 

Fire-damp  explosion  at  Nanticoke,  Pa.,  xvii,  419. 

FiRMSTONE,  Frank  :  Form  of  Crater  Produced  by  Exploding  Gun- 
powder in  a  Homogeneotta  Solid,  xxiii  [xarri],  370 ;  remarks  in  dis- 
cussion of  Mr.  Gordon's  paper  on  large  furnaces  on  Alabama 
material,  xvii,  145 ;  of  magnetic  concentration  of  iron-ore,  xx^ 
581. 

First  Find  tin-mine,  Black  Hills,  S.  Dak.,  XA-ii.,  590,  595 ;  xnii, 
4,54. 

First  Iron-Blast  Furnaces  in  America  (Adams),  xx  [/w],  196. 

Fisher  oil-weils,  Bolivar  township,  Allegany  county,  N.  Y.,  xvi, 
932,  934. 

Fishkill  iron-mine,  Dutchess  county,  N.  Y.,  xvii  [748]. 

Fissures :  causes  of,  x\i,  816;  classification  of,  by  Daubr^  and 
Heim,  xvi,  817  ;  in  Cornwall,  x\-i  [827] ;  in  Freiberg  district. 
Saxony,  xvi,  827 ;  ore-deposits  in,  xvi,  815. 

Fissure-faults  in  Elk  Mountains,  Gunnison  county,  Colo.,  xri, 
825. 
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i»  xvi,  55. 

Fitchburg  MTrnim  Tft^nci  Co.,  visit  to  works  of,  xvi,  xxxvii, 

Fitzgerald,  E.,  on  AmeneM»  Um^^ftwoAce  practice,  xx,  272. 

Fitzgerald  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  oil- 
well,  xvi,  936. 

Fitz  oil-well,  Allegany  county,  N.  Y.,  xvi,  934. 

Flagstaff  decision  bearing  on  the  question  of  end-lines  in  mining 
claims,  xvii,  790  et  seq. 

Flagstaff  silver-lead-mine.  Little  Cottonwood  Cafton,  Suit  Lake 
county,  Utah,  xvi,  6  et  seq.;  smelting  works  at,  xvi,  19. 

Flame-radiation,  advantages  of,  xviii  [610],  878. 

Flanigan  and  Cheeseman  oil-wells,  Wirt  township,  Allegany 
county,  N.  Y.;  xvi,  932. 

Flanigan  and  Sanders  oil-wells,  Wirt  township,  Allegan}^  county, 
N.  Y.,  xvi,  932.^ 

Flat  Top  coal-field,  Virginia,  xix,  1033. 

Fleischer :  on  composition  of  German  slag,  xvii,  86,  92 ;  on  de- 
phosphorizing iron  by  the  Thomas  process,  xvii,  86,  92. 

Fleming,  H.  S.,  Keep,  W.  J.,  and  Orton,  Edward,  Jr.  :  Silicon  in 
Cast'Iron,  xvii  [xlii],  683. 

Fleming,  Harry  S.  :  remarks  in  discussion  of  Mr.  Whitman's  paper 
on  peculiar  working  of  a  blast-furnace,  xviii,  434;  analysis  of 
ferro-silicon,  xvii,  255;  determination  of  manganese  and  silicon 
inr cast-iron,  xx,  301,  314. 

Fletcher's  gas-furnace,  xviii,  725. 

Flint  Creek  mining  district,  Mont.,  geology  of,  xviii,  242. 

Flipper,  H.  D;,  on  co-ordinate  surveying,  xx,  749. 

Florence  iron-mine,  Florence  county.  Wis.,  xvii,  718. 

Florence  iron-mine,  Menominee  county,  Mich.,  xvi,  173. 

Florence  Oil  Co.,  Colo.,  oil-wells,  xx,  446. 

Florence  OH-Field,  Colorado  (Eldridge),  xx  [teii],  442. 

Florida,  manufacture  and  consumption  of  phosphoric  acid  fertil- 
izer in,  xvii,  85. 

Flue-Ihi8t  of  the  Furnace  at  Low  Moor^  Va,  (Means),  xvii  [a:j:i»i],  129. 

Flue-dust :  from  concentrates,  xx,  583 ;  from  gold-roasting,  not 
rich,  xvii,  36 ;  of  lead-works :  analysis,  xviii,  688 ;  collected  in 
bags,  xviii,  674. 

Fluorine  associated  with  tin  in  the  Black  Hills,  xvii  [593]. 

Fluorspar  in  Ontario,  Can.,  xvii  [296]. 

Flux :  limestone  from  Lake  Erie  islands,  xvi,  196  ;  of  oyster  shells 
used  at  Muirkirk  furnace,  xvii,  467. 

Fond  du  Lac,  Minn.,  sandstone  quarries,  xvi  [192]. 

Ford  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  oil-well,  xvi, 
937. 
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Forest  of  Dean  iron-mine,  Putnam  county,  N.  Y.,  xvii  [740,  746]. 

Forest  management,  suggestions  for,  xvii,  272. 

Forest  protection  in  Yellowstone  Park,  necessity  of,  x^^,  803. 

Forestry,  its  relation  to  mining  industry,  x^ii,  264. 

Forest  silver-mine,  Aspen,  Colo.,  xvii,  171  et  aeq. 

Forfeit  silver-mine.  Iron  Hill,  Ijcadville,  Colo.,  x\'iii,  163. 

Forge :  Chinese,  for  melting  gold-ore,  xx,  333  ;  remains  of  early 
forge  in  Virginia,  xx,  198 ;  technical  terms  relating  to,  in  Eng- 
lish, French  and  German,  xvi,  314. 

Forge-fire,  French  and  German  equivalents  for,  xvi,  314. 

Formation  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queens- 
land, theories  of,  xx,  138  et  seq. 

Form  of  Crater  Produced  by  Exploding  Gunpowder  in  a  Homogeneous 
Solid  (Firmstone),  xviii  fxxrnl,  370. 

Fossils  :  in  cement-rock  at  Buffalo,  N.  Y.,  xvii,  251 ;  Devonian,  of 
Bolivia,  S.  A.,  xix,  104;  in  Florence  oil-field,  Colo.,  xx,  449 
et  seq. ;  cycads  in  Honduras,  C.  A.,  xvii,  432,  435. 

Fossil-ore  in  New  York,  xvii  [745],  748. 

Foster,  C.  Le  Neve,  description  of  tin-deposits  of  Cornwall,  xvi,  57. 

Foster,  Rufus  J. :  The  Use  of  the  McClave  Grate  and  Argand  Steam- 
Blmver  in  Utilizing  Small  Sizes  of  Anthracite  or  Bituminous  Slachy 
in  Boiler  and  Similar  Furnaces^  xx  [tewt],  628. 

Foundations  of  asphalt-concrete  for  machines,  xvii,  366. 

Foundry-iron  softened  by  silicon,  xvii,  254. 

Fountain  geyser,  Yellowstone  Park,  xvii,  549  et  seq. 

Fouque  process  of  chemical  and  mechanical  analysis,  xx.  579. 

Fournet,  analysis  of  salt  by,  xvii,  110. 

FowLE,  John  C.  ;  Magnetic  Concentration  at  the  Michigamme  Iron- 
MinCy  Lake  Superior^  xix  [vii],  62. 

Fox  Hills  formation  in  Florence  oil-field,  Colo.,  jcx,  451. 

Fraction  silver-mine,  Silver  Bow  county,  Mont.,  xvi,  66  et  seq. 

France:  asphaltic  limestone,  xviii,  577  et  seq,;  beauxite,  xviii, 
562;  bituminous  limestone,  xvii,  360;  compressed-air  tram- 
ways at  Nantes  and  Vincennes,  xix,  553 ;  sandstone,  xvii, 
360;  tar-springs,  xvii,  358. 

Franklin  copper-mine,  Lake  Superior,  Mich,  xvi,  191 ;  xix,  702. 

Franklin  gold-mine,  Victoria,  Australia,  xx,  472. 

Franklin  Iron  Works,  Oneida  county,  N.  Y.,  xvii  [748} ;  xx,  261. 

Franklinite  in  New  Jersey,  xvii  [722]. 

Franklin  silver-mine,  Aspen,  Colo.,  xvii  [171]. 

Frazer,  Persifor:  analysis  of  Bernice  anthracite  coal,  xvii,  610; 
classification  of  coals,  xvii  [611]. 

Frechette-Danville  asbestos-mines,  Black  Lake,  Quebec,  Can.. 
x\'iii  [326]. 
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Fredonia,  Chautauqua  county,  N.  Y.,  natural  gae,  xvi  [906],  918, 
920. 

Freiberg  district,  Saxony,  fissures  of,  xvi,  827- 

Freight-trafBc  on  railroads  of  the  United  States,  1882-90,  xix, 
486. 

Freil  and  Millbrook's  ore-bank,  near  Muirkirk,  Md,,  xvii  [466]. 

Freire,  Dr.,  on  fever  bacilli  in  water,  xvii  [346]. 

Fremont  county,  Colo,:  iron  resources  of,  xviii,  270, 

Frenchman  silver-mine,  Iron  Hill,  Lead\'ille,  Colo.,  xviii,  167. 

French  pocket-compass,  xviii;  97. 

Freyer  Hill,  Leadville,  I^ke  county,  Colo.,  xviii,  145  etseq. 

Frias  silver-mine,  Dept  of  Tolima,  Colombia,  S.  A.,  xviii,  212. 

Friction  of  mine-car  wheels,  xviii,  508. 

Friedenshiitte  furnaces.  Upper  Silesia,  Germany,  xix,  340. 

Frief  &  Moore,  coal-mines,  Horse  Creek,  Walker  county,  Ala., 
xvii,  210. 

Frisco  silver-lead-mines,  San  Francisco  range,  Beaver  county, 
Utah,  xvi,  6- 

Fristol  and  Lawver,  analysis  of  gilsonite,  xvii,  114, 

Fritz,  John,  remarks  in  discussion  of  Mr.  Howe's  paper  on  the 
Bessemer  process,  xix,  1172. 

Fritz  three-high  rolling-mill,  xvii  [228]. 

Frosty  Valley  slope,  Danville  iron-mines,  Montour  county,  Pa., 
XX,  376. 

Frue  vanners:  at  Combination  mill,  Deer  Lodge  county,  Mont., 
xviii,  248 ;  losses  in  treating  tellurides  on,  xviii,  440  et  seq .; 
at  Phoenix  gold-mine,  N.  C,  xvii  [317,  319]  ;  at  Rosario  mine, 
Honduras,  xvii  [442] ;  xx  [395] ;  in  use  in  the  Black  Hills, 
S.  Dak.,  xvii  [597]. 

Fuchs  on  volatility  of  gold,  xvii  [4]. 

Fuel:  in  Canada,  xvi,  130,  137,  138;  coal  vemts  oil,  xvii,  808 ; 
combustion,  xvii,  99;  comparison  of  economical  results  from 
use  of  different  fuels  in  boiler-plant,  xx,  624;  crude  petroleum 
used  under  steam-boilers,  xvii,  807,  809;  feasibility  of  using 
cheaper  fuel  in  blast-furnace,  xvii,  96;  gaseous,  xvi  [196] ;  in 
Minnesota,  xvi,  196;  progress  of  twenty  years  in  the  economy 
of  production  and  consumption  of,  in  the  United  States,  xx, 
409;  record  of,  used  in  blowing-in  Durham  furnace,  Pa.,  xviii, 
380 ;  "  retarded  fuel "  for  iron-reduction,  xvii,  678 ;  small  sizes 
of,  in  blast-furnace,  xx,  276;  solid,  liquid  and  gaseous,  xviii, 
859 ;  water-gas  as  a  steam-boiler  fuel,  xvii,  300. 

Fuel-consumption:  in  blast-furnaces,  xx,  255  ei  8eq.;  effect  of 
moisture  on,  xix,  940 ;  of  all  kinds  in  United  States  for  past 
twenty  years,  xx,  412.  • 
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Fuel-consumption,  average  per  ton  of  iron :  at  Cleveland  fur- 
naces, England,  xix,  958 ;  at  Edgar  Thomson  furnaces,  xix, 
937  ;  at  Lucy  furnace,  Pittsburgh,  Pa.,  xix,  936 ;  of  pig-iron 
at  Warwick  furnace,  Pottstown,  Pa.,  xvii,  124. 

FuelrGas  €tnd  Some  of  its  Aiiplications  (Loomis),  xix  [xxxii\^  995. 

Fuel-gas,  x^iii,  609,  859. 

Fuel-oil,  production  and  calorific  energy,  xviii,  874. 

Fuel-Supply  of  the  United  States  (Presidential  address  at  Glen  Sum- 
mit) (Bihkinbine),  XX  [Ixlt],  409. 

Pulton,  John  :  Methods  of  Mining  in  the  Menominee  Range,  Michigan, 
xvi  [axry],  891 ;  Mode  of  Deposition  of  the  Iron-Ores  of  the  Me- 
nominee Range,  Michigan,  xvi  [pcxv],  525 ;  objection  to  soft  coke 
for  blast-furnace  fuel,  xvii,  147 ;  on  sustaining  power  of  vari- 
ous cokes,  x\-ii,  147. 

Fulton,  Oswego  county,  N.  Y.,  gas-well,  xvi,  958. 

Fume  in  lead-works:  analyses,  xviii,  687,  688;  treatment  of, 
xviii,  674. 

FuBLONGE,  W.  H. :  Notes  on  the  Qeohgy  of  the  De  Kaap  Gold-PiMs 
in  the  Transvaal,  xviii  \xlmi\,  334  (see  Errata,  913). 

Furnaces  (see  also  blast-furnaces,  forges,  roasting-furnaces,  etc.)  : 
double-hearth,  for  lead-smelting,  xviii,  678;    Eichorn-Liebig 
muflBe-furnace,  xx,  338 ;  electric,  xviii,  667  [728] ;  Fletcher's, 
for  specific-heat  tests,  xviii,  725;  Heroult's,  for  aluminum- 
alloys,  xviii,  667 ;  HerreshofTs  water-jacket  blast,  for  matting 
nickel-copper  ores,  xviii,  286 ;  Husgafvel  high  bloomary,  xvi, 
334 ;  for  the  manufacture  of  sulphuric  acid,  xvi,  497  e(  seq,; 
open-hearth,  xxi,  697    (Lash),  704    (Batho);    reverberatory 
matte-furnace,  capacity  of,  xviii,  63 ;  Siemens :  improvements 
in,  xix,  533 ;  new  form  of,  xviii,  878,  for  specific-heat  tests, 
xriii,  725 ;  silver-lead  blast-,  capacity  of,  xviii,  60 ;    size  of 
furnace-chamber  at  Mount  Morgan,  Queensland,  xx,  152; 
slag-eye,  for  rich  lead-slags,  xviii,  679,  683 ;  for  smelting  tin- 
ores  in  Indian  Archipelago,  xx,  81 ;  springer  puddling,  xix, 
356  ;  Spurofen  for  the  matting  process,  xvi,  259 ;  steel  (open- 
hearth),  at  Phoenixville,  Pa.,  xviii  [88] ;  systems  for  silver- 
smelting,  compared,  xviii,  60 ;  White  mechanical,  xx  [405] ; 
roasting,  xviii,  304:   Bruckner,  xvi,  19;  Hoffman,  xvi,  20; 
Howell,  x\'iii,  223;  reverberatory,  xvi,  20;  revolving-hearth, 
•    xvi,  20:  Stetefeldt,  xvi,  21. 

Further  Notes  on  the  Hydro-Metallurgy  of  Oopper  (Hunt),  xvi  [xix],  80. 

Fusibility  of  slags,  xviii,  745. 

Gagnon  copper-mine,  Butte,  Silver  Bow  county,  Mont.,  xvi,  54, 
62;  xix,  690?  visit  to,  xvi,  xxii. 
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Galena :  analyses,  xviii,  676,  677 ;  occurrence  and  concentration 
at  Bonne  Terre,  Mo.,  xviii,  263. 

Galena  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county,  Utah, 
xvi  [11]. 

Galena  silver-mine,  Aspen,  Colo.,  xvii  [178]. 

Galenitc :  in  the  Black  Hills,  S.  Dak.,  xvii  [593] ;  in  Ontario, 
Can.,  xvii  [294,  296]. 

Gait  coal-mines,  Manitoba,  Can.,  xviii,  314. 

Galway  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 

Gambetta  silver-mines,  Butte,  Silver  Bow  county,  Mont.,  xvi  [59]. 

Gangue  of  North  Carolina  gold-ores,  xvii,  314. 

Gap  nickel-mine,  Lancaster  county.  Pa.,  xvi,  117. 

Garden  of  the  Gods,  Colo.,  exQursion  to,  xvi,  xxii. 

Garden  Gully  United  gold-mine,  Victoria,  Australia,  xx,  476  et 
8eq. 

Garfield  Bathing  Resort,  Great  Salt  Lake,  Utah,  excursion  to,  xvi, 
xxii. 

Garnet  in  the  Black  Hills.  S.  Dak.,  xvii  [498],  593. 

Garrison,  F.  Lynwood:  HusgafvePs  Improved  High  Bloomary  for 
Producing  Iron  and  Steel  Direct  from  Ore,  xvi  [xzix],  334. 

Garrucha,  Spain,  wire  rope-way  at,  xix,  760  et  $eq. 

Gas :  analyses  of,  xvii,  301 ;  xviii,  881 ;  available  heat  of  blast-fur- 
nace gases  for  firing  boilers,  xvii,  78  ;  blast-furnace  gas,^naly- 
sis  of,  xvii,  58,  69, 60, 78 ;  calorific  power  of,  xix,  133;  changes 
in  composition  of,  during  blowing-in  of  blast-furnace,  xx, 
281 ;  consumption  of  natural  gas  in  the  United  States  in  1889, 
XX,  411 ;  effect  of  velocity  and  tension  of  gases  on  the  reduc- 
tion of  ores  in  the  blast-furnace,  xvii,  282;  experiments  on 
blast-furnace  gases,  xx,  280;  formed  by  explosion  of  dyna- 
mite, xix,  727;  Loomis  gas-generator,  xix,  1010;  in  melted 
steel,  XX,  233,  236 ;  method  of  analysis  of,  xix,  130 ;  occurence 
of  natural  gas  in  Florence  oil-field,  Colo.,  xx,  460 ;  specific 
heat  of  mixed  gas,  xix,  131 ;  utilization  of :  coking-gases, 
xix,  338 ;  furnace-gases,  xix,  344 ;  water-gas  for  steam-boiler 
fuel,  xvii,  300. 

Gas*analyzing  instruments,  Elliott,  xvii  [61]. 

Gas-burners,  required  dimensions  for  blast-furnace  gases,  xvii, 
78. 

Gas-engines,  fuel-efficiency  of,  xviii,  880. 

Gaseous  fuel :  compared  with  solid  and  liquid  fuel,  xviii,  859  ; 
from  sawdust  and  mill-refuse,  xvi,  196. 

Gas-firing:  for  boilers,  xviii  [613],  875;  for  heating  steel,  economy 
disputed,  xviii,  878;  for  kilns,  xviii,  880;  for  ore-roasters, 
xviii,  304  et  aeq. ;  for  puddling-furnaces,  xviii,  613. 
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Gas-furnace:  Fletcher,  xviii,  725;  new  form  of  Siemens,  xviii, 
878. 

Gas,  natural  (see  also  natural-gas) :  analysis  of,  xviii,  881 ;  for 
blast-furnace  fuel,  xvii  [97] ;  classified  among  hydrocarbons, 
xviii  [582] ;  consumption  of,  in  Pittsburgh,  xviii,  131 ;  effect 
of,  on  coal-trade,  xviii,  132;  in  New  York,  xviii,  294;  occur- 
rence in  eastern  Ontario,  xviii,  290 ;  relation  between  petro- 
leum and,  xviii,  291. 

Gasport,  Niagara  county,  N.  Y.,  natural  gas,  xvi,  910,  958. 

Gas-producer:  calorific  efficiency  of,  xix,  136;  design  of,  for 
making  mixed  producer-  and  water-gas,  xviii,  612  et  seq. 

Gas-sands  in  Pennsylvania,  xvi,  938. 

Gas-tar,  x^di,  359. 

Gas-washer,  xix  [338]. 

Gas-wells*.  New  York:  Albany  county,  Knowersville,  xvi,  951; 
Knox,  xvi,  953;  Allegany  county,  Alma  township,  Noff,  xvi, 
937  ;  Bolivar  township,  Bradley  &  Co.,  xvi,  932;  Greorge  Beers, 
xvi,  936;  Wakeman,  xvi,  936;  Clarksx'ille  township,  Adams, 
xvi,  936:  Lovell  &  Willett,  xvi,  936;  McJordan,  xvi,  936; 
Painter,  xvi,  936 ;  Genesee  township,  Dancy,  xvi,  936 ;  Wirt 
township,  Ballard,  xvi,  936 ;  Barton,  xvi,  936 ;  Brown,  xvi, 
936;  Deyoc,  xvi,  936;  Evans,  xvi,  936:  Jordan,  xvi,  ^34, 936; 
Labar,  xvi,  934,  936 ;  Lawrence,  xvi,  936 ;  Patterson,  xvi,  936 ; 
Richardson,  xvi,  936;  Riley  Allen,  xvi,  934,  937  ;  Cattaraugus 
county,  Olean  township,  McMuUen  &  Hallock,  xvi,  939; 
Chautauqua  county,  Colburn,  xvi,  919;  Predonia,  xvi,  918; 
Chenango  county,  Norwich,  xvi,  958;  Chenango  Valley, 
Barker,  xvi,  958;  Erie  county,  Buffalo,  xvi,  924;  Getzville, 
xvii,  403;  Tonawanda,  xvii,  403;  Greene  county,  Cairo,  xvi, 
955;  Jefferson  county,  Rodman,  xvi,  957;  Madison  county, 
Morrisville,  xvi,  950;  Uniontown,  xvi,  958;  Niagara  county, 
Brockport,  xvi,  958;  Gjisport,  xvi,  958;  C^neida  county,  New 
York  Mills,  xvi,  958 ;  Onondaga  county,  Syracuse,  State,  xvi, 
944 ;  Ontario  county,  Honeoye  Gas  and  Mining  Co.,  Honeoye 
Lake,  xvi,  948 ;  Ontario  Gas  and  Improvement  Co.,  Bloom- 
field,  xvi,  948;  Oswego  county,  Fulton,  xvi, '958;  Seneca 
county,  Seneca  Falls,  xvi,  949;  Tompkins  county,  Ithaca,  xvi, 
941 ;  Wayne  county,  Clyde,  xvi,  942 ;  Ontario,  xvi,  944,  947 ; 
Wolcott,  xvi,  943.  Canada :  Ontario,  Port  Colborne,  xvii,  401, 
402,  403. 

Gatal  silver-mine,  Honduras,  C.  A.,  xx,  405. 

Gate  City  rolling-mill,  Ala.,  visit  to,  xvii,  xadii. 

Gates  crusher,  xvii,  510;  xviii  [265,  401] ;  xx  [432]. 

Gauchupulin  silver-mine,  Honduras,  C.  A.,  xx,  405. 
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Gauley  Mountain  Coal  Co.,  West  Va.,  use  of  locked- wire  rope 
hoists  by,  xx,  770. 

Gayley,  James  :  The  Devdopvnent  of  American  Blasl-Ftimaces,  with 
Sfpecial  Reference  to  Large  Yields,  xix  [arxxt],  932 ;  remarks  in 
discussion  of  American  blast-furnace  practice,  xx,  262;  of  Mr. 
Howe's  paper  on  the  Bessemer  process,  xix,  117. 

Gay-Lussac  apparatus,  xvi,  499. 

General  Shield's  silver-mine,  Pitkin  county,  Colo.,  xvii  [171]. 

Generator:  electric,  xix,  272;  Loomis  gas-,  xix,  1010. 

Genesis  of  the  Edgar  Thomson  Blast-Fumnces  (Shinn),  xix  [tx],  674. 

Genessee  township,  Allegany  county,  N.  Y.,  oil-wells,  xvi,  932. 

Genth,  P.  A.,  analysis  of  Bernice  anthracite  coal,  xvii,  610. 

Geologiccd  History  of  the  Yellowstone  National  Park  (Hague),  xvi  [xri], 
783. 

Geological  Notes  on  the  Manganese  Ore-Deposits  of  Crimora^  Virginia 
(Hall),  xx  [Zrti],  46. 

Geological  Relations  of  the  Principal  Nova  Scotia  Atinercds  (Gilpin), 
xviii  [pcQcv],  198. 

Geological  maps:  of  southern  and  central  New  York,  xvi,  912; 
strata-maps  to  represent  stratification  or  bedding,  xvi,  768. 

Geological  section  :  at  Buffalo,  N.  Y.,  xvii,  252;  of  well  drilled  at 
Port  Colborne,  Ontario,  Can.,  xvii,  401. 

Geological  structure:  of  Alabama  coal-beds,  xvii,  208;  of  the 
Bernice  anthracite  coal  basin.  Pa.,  xvii,  607 ;  of  the  Black 
Hills,  8.  Dak.,  xvii,  570. 

Geology  of:  Arizona:  Yavapai  county,  Copper  Basin,  xvii,  479. 
Colorado :  Aspen  mining  district,  xvii,  156 ;  xviii,  273 ;  coal- 
region,  xvii,  376;  Florence  oil-field,  Colo.,  xx,  448;  iron- 
districts,  xviii,  266  et  seq. ;  Ouray  county.  Red  Mountain 
district,  xvi,  570;  xviii,  139;  Sawatch  range,  xvii,  161; 
Idaho:  Snake  River  Valley,  xviii, 597;  Louisiana:  Petite  Anse 
Island,  Iberia  parish,  xvii,  107;  Maryland:  gold-belt,  xviiii 
391  et  seq.;  Michigan:  Gogebic  iron-range,  xvi,  185;  Iron 
Mountain,  xvi,  119;  Menominee  range,  xvi,  525;  Montana: 
Butte,  xvi,  49  ;  Flint  Creek  mining-district,  xviii,  242 ;  Neiv 
York:  xvi,  910;  Allegany  county,  oil-  and  gas-district,  xvi, 
927 ;  Buffalo,  xvii,  252;  Hudson  River  valley,  xvi,  955;  line 
of  new  Croton  Aqueduct,  N.  Y.,  xix,  709;  western  portion, 
xviii,  394  et  seq.  ;  North  Carolina :  Hiawassee  Valley,  xvi, 
839,  843  :  Pennsylvania :  Montour  ridge  iron-district,  xx,  369 ; 
oil-  and  gas-sands,  xvi,  938 ;  Paint-ore  mine,  Lehigh  Gap,  xix, 
'  322;  Soivth  Carolina:  Haile  gold-mine,  xix,  595,  603  ;  Yellow- 
stone National  Park,  xvi,  783;  Africa:  Transvaal,  Dekaap 
gold-field,  xviii,  334 ;  Australia :   Victoria,  Bendigo  gold-field, 
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Geology — Continued. 

XX,  475;  Bolivians,  A,:  Potosl  silver  district,  xix,  81 ;  C<mada: 
eastern  Quebec,  xviii,  317;  Ontario,  xvii,  294;  xviii,  279; 
Ontario  iron-district,  xix,  29  ;  CAtna ;  J^Hol  silver-lead  dis- 
trict, xix,  585 ;  Ping-Chuan  copper  district,  xix,  591 ;  Shantung, 
gold-mining  district,  xix,  677 ;  Colombia^  S.  A. :  xviii,  208 ; 
Malacca :  gold-mining  district,  xx,  324 ;  Peru :  Cerro  de  Pasco, 
xvi,  729 ;  Sumatra,  xx,  51  et  seq. 

Geology  of  Bvffcdo  as  RelcUed  to  Natural-Gas  Explorations  Along 
the  Niagara  River  (Ashburner),  xvii  [axci?i],  398. 

Geology  of  the  Choctaw  Coal-Field  (Chance),  xviii  [xLmi\,  653. 

Geology  of  the  Haile  Mine,  South  Carolina  (Thies  and  Mezger),  xix, 
[tx],  595. 

Geology  and  Ore-Deposits  of  Iron  Hill,  LeadvUU,  Colo.  (Blow),  xviii 
[xx],  145. 

George's  Creek,  CJoal  Co.,  Allegheny  county,  Md.,  xviii  [130]. 

Georgia :  beauxite  in,  xvi,  905 ;  xviii,  562 ;  coal-production  in 
1887-88,  xviii,  124 ;  manufacture  and  consumption  of  phos- 
phoric-acid fertilizer,  xvii,  85. 

Germania  iron-mine,  Gogebic  range.  Wis.,  xvi,  186;  xvii,  719. 

Germania  Smelting  and  Refining  Works,  Jordan  Valley,  Utah, 
xvi  [18],  19,  21 ;  visit  to,  xvi,  xxii. 

German  method :  of  bronze-assay,  xviii,  35  et  seq. ;  of  tin-assay, 
xviii,  W  et  seq. 

Germanna,  Va.,  site  of  early  iron-works,  xx,  196  et  seq. 

German  practice  in  the  metallurgy  of  iron  and  steel,  xix,  331, 523. 

German-silver,  uncertainties  in  manufacture  of,  xviii,  494. 

German  system  of  jigging,  xvii,  638. 

Germany:  bituminous  limestone,  xvii,  362;  disaster  in  welding- 
works  near  Essen,  xx,  85 ;  manufacture  of  liquid  sulphurous, 
acid  in  Upper  Silesia,  xx,  336. 

Getzville,  Erie  county,  N.  Y.,  gas-wells,  xvii,  403. 

Geyserit6  :  method  of  ascertaining  growth  of  deposition  of,  xvi, 
797  ;  in  Yellowstone  Park,  xvii,  548. 

Geyser  pumps,  xx,  9  et  seq. 

Geysers :  action  accelerated  by  soap,  xvii,  449,  546 ;  theory  of 
action,  xvii,  452  ;  in  Yellowstone  Park,  xvi,  793  et  seq.  ;  x>ii, 
449, 546 ;  list  of,  xvi,  799. 

Geyser-theory  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queens- 
land, XX,  139. 

Geyser- waters,  Yellowstone  Park  :  boiling  point,  xvii,  551 ;  tem- 
perature of,  xvii,  554. 

Giantess  geyser,  Yellowstone  Park,  xvii,  451,  452, 547  et  seq. 

Giant  geyser,  Yellowstone  Park,  xvii,  451 549. 
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Gilchrist,  P.  C. :  remarks  in  discussion  :  of  Mr.  Hadfield's  paper 
on  aluminum-steel,  xix,  1077 ;  of  Mr.  Howe's  paper  on  the 
Bessemer  process,  xix,  1166;  of  Mr.  Thielen's  paper  on  the 
Darby  process,  xix, -803,  807;  of  Prof;  Thomson^s  paper  on 
welding  by  electricity,  xix,  891 ;  on  the  services  of  deceased 
metallurgists,  xix,  ocxiii, 

Gilpin,  E.,  Jr.:  Geological  Belations  of  the  Principal  Nova  Scotia 
Minerals,  xviii  [a:xr],  198. 

Gilpin  county,  Colo. :  ore  of,  xvii,  641 ;  occurrence  of  gold  in, 
xviii,  447  ei  seq. 

GiUonite  or  Uintahite,  A  New  Variety  of  Asphaltum  from  the  Uintah 
AfountainSj  Utah  (Locke),  xvi  [xviii],  162. 

Gilsonite  (see  also  uintaite) :  xviii,  553 ;  analysis  of,  xvi,  163 ; 
from  Uintah  county,  Utah,  xvii,  113, 359. 

Gilt  Edge  silver-mine,  Iron  Hill,  Leadville,  Colo.,  xviii,  165. 

Gjers  and  Grittinger  roasting-kilns  for  iron-ore,  xvii  [721]  ;  xviii, 
78, 86, 305  et  seq. 

Gjers  soaking-pits,  xix,  371,  535  et  seq. 

Glacial  effects  in  Flint  Cre^k  valley,  Mont.,  xviii,  245. 

Gladstone,  Mich.,  Little  Bay  de  Noquette,  shipping-port  for  iron- 
ores,  xvi,  172. 

Glance-pitch  or  hard  asphalt,  xvii,  359. 

Glendale  tin-mines.  Black  Hills,  S.  Dak.,  xviii,  54. 

Glen  Eyrie,  Colo.,  excursion  to,  xvi,  xxi. 

Glenmore  Iron  Estate,  Greenbrier  county,  West  Virginia  (Page)  xvii 
[xxv],  115. 

Glenn,  William  :  Notes  on  the  Electrolytic  Assay  of  Copper,  xvii  [odit], 
406 ;  Sampling  Ores  Without  Use  of  Machinery,  xx  [/vm],  155. 

Glen  Union  Lumber  Co.,  Pottsville,  Pa.,  xx,  766. 

Globe  copper  district,  Maricopa  county,  Ariz.,  xix,  689. 

Globe  pig-iron,  analysis  of,  xvii,  255. 

Glossary  of  Furnace  Terms  in  English,  French  and  Gennan  (Egles- 
ton),  xvi  [xxxiv],  313. 

Glover  tower,  xvi,  499. 

Glucenum  associated  with  tin  in  the  Black  Hills,  xvii  [593]. 

Glycerine,  falling-velocity  of  grains  in,  xvii,  653. 

Glycerine  Lot,  Bolivar  township,  Allegany  county,  N.  Y.,  oil- 
well,  xvi,  937. 

Gmelin  and  Kraut  on  volatility  of  gold,  xvii  [3]. 

Goderich  salt-wells,  Goderich,  Ontario,  Can.,  xvii  [110]. 

Goessmann :  analysis  of  salt,  xvii,  110 ;  on  geology  of  Petite 
Anse  Island,  xvii  [108] ;  on  phosphate-slag,  xvii  [89]. 

GoETZ,  George  W.  :  Analyses  of  Lake  Superior  Iron-Ores,  xix  [ix], 
59;  Notes  on  Fuel- Gas,  xviii  [xlvii],  609. 
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Gogebic  iron-range ;  xvi,  174,  184 ;  xvii,  716  et  seq. ;  iron-ores, 
xix.  61 ;  product  of,  in  1888,  xvii,  725 ;  shipments  from,  xvi, 
891  /  visit  to  mines  of,  xvi,  xxmi. 

Golconda  silver-mine.  Aspen,  Colo.,  xvii,  171  d  seq. 

Gold :  in  Archaean  rock.  Black  Hilk,  xvii,  573 ;  association  of, 
with  other  metals  in  the  West,  xviii,  447 ;  chlorination  of, 
xviii  [600] ;  chlorination  of  low-grade  auriferous  sulphides, 
xix,  601;  in  copper  matte, ^xviii,  455;  crystals  formed  in 
roastihg,  xvii,  24 ;  discovery  of,  in  Australia,  xx,  463 ;  effect 
of  heat  on,  xvii,  3 ;  fineness  of,  in  Black  Hills,  xvii,  573;  in- 
teresting vein-phenomena  in  Boulder '<5ounty,  Colo.,  xix,  547; 
in  metallic  sulphides,  losses  in  oxidizing-roasting  of,  xvii,  5 ; 
metallurgy  of,  in  reverberatory  process,  xix,  841 ;  in  Michi- 
gan and  northern  Minnesota,  xvi,  191 ;  mineralized  by  tellu- 
rium and  bismuth,  xviii,  450,  452 ;  North  Carolina  auriferous 
sulphides,  xvii,  313 ;  nuggets,  Ditton  township,  Quebec,  Can., 
xviii,  330, 331 ;  occurrence  with  pyrites  in  Maryland,  xviii,  407; 
in  old  Telegraph  Silver-lead  mine,  Salt  Lake  county,  Utah, 
xvi,  25  €t8€q.;  in  Ontario,  Can.,  xvii,  294  ei  seq.;  in  Red 
Mountain  district,  Ouray  county,  Colo.,  xvi,  580 ;  relation  to 
chlorine,  xvii,  7, 19 ;  in  residues  from  leaching-vats,  xviii,  68; 
at  Rosario  mine,  Honduras,  C.  A.,  xvii  [442] ;  in  sands  of 
Snake  River,  Idaho,  xviii,  597  ;  separated  from  copper,  xviii, 
69;  in  South  Dakota:  Black  Hills,  xvii,  498,  571;  Custer 
county,  xvii,  578,  579;  Pennington  county,  xvii,  578  el  seq.; 
tellurides  of,  xviii,  439 ;  volatility  of;  xvii,  3  et  aeq. ;  in  atmos- 
phere of  chlorine,  xvii,  8,  19 ;  volatilization  by  electric  dis- 
charge, xvii,  4 ;  welding  of  gold  buttons  at  low  temperature, 
xvii,  30,  note. 

Gold-bearing  sulphides,  chlorination  of,  xvi,  359. 

Golden  Age  gold-mine,  Boulder  county,  Colo.,  xix,  547. 

Golden  Gate  concentrator,  visit  to,  xvi,  xxxviL 

Golden  Star  gold-mine,  Lead  City,  Lawrence  county,  S.  Dak., 
xvii  [575]  ;  stamp-mill,  xvii,  500  c(  seq. 

Golden  Terra  gold-mine,  Terraville,  Lawrence  county,  S.  Dak., 
xvii,  576;  stamp-mill,  xvii,  500  et  seq. 

Golden  Treasure  silver-mine,  Juab  county,  Utah,  x^-i,  11. 

Gold-fields:  Maryland,  xviii,  391;  Quebec,  xviii,  330;  Trans- 
^•aal,  xviii,  334. 

Gold  Flint  silver-mine,  Butte,  Silver  Bow  county,  Mont,  xvi, 
59. 

Gold  Hill  gold-mine.  Rowan  county,  N.  C,  xvii,  314. 

Gold  Hill,  Storey  county,  Nev.,  gold-mines,  xix,  195  «f  9eq. 

Gold  miing  in  the  Black  Hills  (Hofman),  x\ni  [xKi],  498. 


\ 
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Gold-mills  (see  also  chlorination-works,  concentration-works,  lixi- 
viation-works,  reduction-works,  smelting-works,  and  stamp- 
mills)  :  Montana :  Butte,  Lexington,  xvii,  11 ;  South  Dakota  : 
Central  City,  Father  de  Smet,  xvii,  498  et  seq. 

Gold-mines :  United  States  :  California :  Amador  county ;  Alli- 
son, xviii,  643 ;  Calaveras  county ;  Anglo-saxon,  xviii  [642] ; 
Gwinn,  xviii,  643;  Nevill's  xviii,  643;  Scorpion,  xviii,  643; 
Sheep  Ranch,  xviii,  642,  643;  Soap  root,  xviii,  643;  Tiger, 
xviii,  640  et  aeq, ;  Nevada  county ;  Empire,  xviii,  643 ;  Idaho, 
xviii,  643;  Murchie,  xvii,  3,  6,  14;  Tuolumne  county;  Bo- 
nanza, xviii,  642;  Colorado:  Boulder  county;  Golden  Age, 
xix,  547;  Sentinel,  xix,  547;  Gilpin  county;  California,  xviii, 
451;  Gregory,  xviii,  449;  Main,  xHii,  452;  Tierney,  xviii, 
452;  Rio  Grande  county;  Little  Annie,  xviii,  448;  Summit 
county ;  Ontario,  xviii,  452 ;  IdaJio :  Salmon  Falls,  Hunt's 
placer,  xviii,  601 ;  Snake  River  placers,  xviii,  597;  Maryland: 
Montgomery  county,  Allerton-Ream,  xviii,  400 ;  Broad  Rock, 
xviii,  402 ;  Eagle,  xviii  [401],  403 ;  Harrison,  xviii,  399  et  aeq. ; 
Huddleston,  xviii,  404;  Irma,  xviii,  401,  403;  Lynch,  xviii, 
404;  Maryland,  xviii,  399;  Montgomery,  xviii,  399;  Pine 
Hill,  xviii,  402;  Potomac  Mining  Co.,  xviii,  399;  Montana: 
Silver  Bow  county ;  Summit  Valley  district,  Rainbow  Lode, 
xvi,  65 ;  Nevada :  Storey  County ;  Gold  Hill,  xix,  195  et  seq. ; 
Noi'th  Carolina:  Cabarrus  county;  Phoenix,  xvii,  314  et  seq., 
541 ;  xix,  601  et  seq. ;  Guilford  county  ;  Fentress,  xvii  [314]  ; 
Rowan  county ;  Gold  Hill,  xvii  [314]  ;  South  Carolirui :  Lan- 
caster county,  Blauvelt,  xvi,  755;  Haile,  xvii,  314  et  seq.; 
xix,  595,  601;  South  Dakota:  Lawrence  county;  Caledo- 
nia, xvii,  576 ;  Deadwood,  xvii,  573  et  seq* ;  De  Smet,  x^^i, 
573  et  seq. ;  Golden  Star,  xvii  [575] ;  Golden  Terra,  xvii, 
576;  Highland,  xvii  [573,  577] ;  Homestake,  xvii,  572  et  seq. ; 
xviii  [411].  Utah:  Beaver  county,  Cave,  xvi,  9;  Juab  county, 
Tin  tic  district,  Crismon-Mammoth,  xvi,  10.  Other  Countries  : 
Africa:  Transvaal,  Sheba,  xviii,  344.  Australia:  Queensland, 
Mount  Morgan,  xx,  133;  Victoria,  Eureka  Extended,  xx,467 ; 
Franklin, XX, 472 ;  Garden  Gully  United,  xx,  476  et  seq,;  Great 
Extended  Hustlers,  xx,  474,  512;  Johnson's,  xx,  506;  Lan- 
sell's  •*  180,"  XX,  475,  495 ;  Lansell's  "  222,"  xx,  490 ;  Lazarus, 
XX,  492  ;  New  Chum  Consolidated,  xx,  474,  488 ;  New  Chum 
and  Victoria,  xx,  494;  North  Old  Chum,  xx,  494;  Old  Chum, 
XX,  466  et  seq.;  Shenandoah,  xx,  486;  Bellevue,  xx,  467 ;  South 
New  Chum,  xx,  501;  Victory  and  Pandora,  xx,  482  et  seq.; 
Unity,  XX,  516.  Canada :  Ontario,  Huronian,  xviii,  439 ;  Ver- 
milion, xviii  [73].     China :  Chao-Yuen,  xix,  583 ;  Je-Shui,  xix, 
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594 ;  Ning-Hai,  xix,  577 ;  Ping-Tu,  xix,  570.  Colombia,  S.  A. : 
BoconA,  xviii,  211 ;  Cajongra,  xviii,  211 ;  China,  xviii,  211 ; 
El  Campeon,  xviii,  211 ;  El  Talento,  xviii,  211 ;  Ibagu€,  xviii, 
211;  La  Rica,  xviii,  211;  Libano,  xviii,  211 ;  Malpaso,  xviii, 
211 ;  Orita,  xviii,  211 ;  Pampona,  xviii,  211.  Honduras^  CL  A. : 
Eureka,  xx,  401 ;  San  Juancito ;  Octillo,  xvii  [447] ;  Rosario, 
xvii,  432;  Triunfo,  xvii  [447].  Mexico:  Vera  Cruz,  Las  Mina^, 
xvii  [10]. 

Gold  mining  and  milling  in  Korea,  xviii,  363. 

Gold-mining  in  Utah,  xvi,  3. 

Gold-ores  :  analysis,  xviii,  489 ;  assays  of,  xvii,  13  ei  seq. ;  assays 
of  roasted  ores,  xvi,  361 ;  xvii,  6,  12 :  of  Bendigo  gold-field, 
Victoria,  Australia,  xx,  464,  531 ;  effect  of  oxidizing-roasting 
on,  xvii,  4 ;  effect  of  temperature  on  losses  in  roasting,  xvii, 
18  et  seq.;  losses  in  chloridizing-roasting,  xvii,  3,  9, 14,  17;  of 
Tomoh,  Malacca,  xx,  324;  of  Mount  Morgan  mine,  Queens- 
land, XX,  135 ;  net  value  of,  to  miners,  xviii,  58,  59;  smelting 
of,  in  Hungary,  xvi,  267 ;  treatment  of,  at  Mount  Moi^an  mine, 
Queensland,  xx,  150. 

Gold-placers  of  Black  Hills,  S.  Dak.,  xvii,  571. 

Gold-production :  of  the  Black  Hills  in  1887,  xvii,  498 ;  of  Mon- 
tana, xvi,  42 ;  of  Mount  Morgan  mine,  Queensland,  to  Novem- 
ber 30, 1890,  XX,  150 ;  of  North  Carolina,  xvii,  314. 

Gold-Quartz  (Courtis),  xviii  [xxv],  639. 

Gold  rousting  furnace  at  Phoenix  mine,  N.  C,  xvii,  317. 

Gold-silver-copper  alloy,  analysis  and  treatment  of,  xviii,  68, 69. 

Gold  and  silver-mines:  United  States:  Montana:  Silver  Bow 
county,  Summit  Valley  district.  Rainbow  Lode,  xvi,  65 ;  Utah : 
Beaver  county,  xvi, .9;  Other  Countries:  CWothWo,  S.  A.: 
district  of  Libano;  Cuartel,  xvi,  305;  Escondite,  xvi,  305; 
Esperanza,  xvi,  304;  Pachito,  xvi,  305;  Ricardo,  xvi,  305; 
Rincon,  xvi,  304 ;  department  of  Tolima,  La  Plata  del  Libano, 
xvi,  301 ;  Honduras,  C.  A. :  Guayabillas,  xx,  398 ;  Opoteca, 
XX,  396  ;  Mexico:  Department  del  Centre,  Penoles,  xvi  [460]. 

Oold  and  Silver-Mining  in  Utah  (Hollister),  xvi  [awtt],  3. 

Gold  and  silver-mining  near  Lac  des  Milles  Lacs,  British  Amer- 
ica, xvi,  110. 

Goldsmith  silver-mine,  Silver  Bow  county,  Mont.,  xvi,  69. 

Gold-washing  in  Snake  River,  Idaho,  xviii,  597. 

GooDALL,  Charles  W.  :  Notes  on  the  Additional  Diaphragm  in  ike 
Hotvells  Roasting  Jfumace,  xviii  [xxi]  223 ;  The  Occurrence  and 
Treaiment  of  the  Argentiferous  Manganese  Ores  of  Thmbslone  dis- 
trict, Arizona,  xvii  [xliii],  767  ;  xviii  [xxpi],  910. 
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Good  ALE,  Charles  W.  and  Akers,  W.  A. :  Concentration  before  Amalr 
gamation  for  Low-grade,  Partially  Decomposed  Silver- Ores,  With 
Note^  on  the  Flint  Creek  Mining  District,  xviii  [xx],  242. 

Goodrich  farm,  Bolivar  township,  AUegany  county,  N.  Y.,  oil- 
wells,  xvi,  936. 

Gordon,  Fred  W.  :  Large  Furnaces  on  Alabama  Material,  xvii  [xix, 
xxvii]y  135 ;  remarks  in  discussion  of  American  blast-furnace 
practice,  xx,  255;  on  extent  of  ore-deposit  at  Croton  iron- 
mines,  N.  Y.,  XX,  603. 

Gordon- Whit  well- Co  wper  Stoves  at  Ensley,  Ala.,  xvii,  136. 

Goslarite  in  copper-veins  at  Butte,  Mont,  xvi,  63. 

Gossan-Ores,  copper-stained,  at  Blue  Lead,  Black  Hills,  S.  Dak^., 
xvii.  581. 

Gottessegen  coal-mine,  Upper  Silesia,  Germany,  xx,  368. 

Goudie  on  mining  in  soft  ore-bodies,  xvii  [104]. 

Gould  electric  pump,  xix,  268. 

Go  van  ferro-silicon,  analysis  of,  xvii,  255. 

Gove  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 

Gowanda,  Cattaraugus  county,  N.  Y.,  corniferons  limestone,  xvi, 
921. 

Gowen,  Franklin  B.,  biographical  notice  of,  xviii,  618. 

Grabau  method  for  manufacture  of  aluminum,  xix,  1045. 

Grading  of  Birmingham  Pig-Iron  (Robertson),  xvii  [xzii],  94. 

Grady  coal-basin,  Indian  Territory,  xviii,  654  et  seq. 

Graff,  Mathew,  inventor  of  "retarded  fuel,"  xvii,  678. 

Graft,  William,  analysis  of  Muirkirk  pig-iron,  xvii,  470. 

Grahamite,  or  Barber's  asphalt,  xvii,  374 

Grahamite  and  other  bituminous  minerals  compared,  xviii,  563. 

Graham,  Walter,  analysis  of  Virginia  iron-ore,  xx,  187. 

Grandfather  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  183. 

Grand  Marais,  Cook  county,  Minn.,  shipping-port,  xvi,  183. 

Grand  Prize  silver-mine,  Rt'd  Mountain  district,  Ouray  county, 
Colo  ,  xviii,  141. 

Grand  Portage  copper-mine,  Lake  Superior,  Mich.,  xix,  683. 

Granger  water-gas,  xvii,  301. 

Granite :  at  Butte,  Mont.,  xvi,  51 ;  at  Ontario,  Can.,  xvii,  294  et  seq.; 
at  West  Aspen  Mountain,  Colo.,  xvii,  177. 

Granite  Mountain  silver-mine.  Deer  Lodge  county,  Mont.,  xviii 
.  [225],  243,  244. 

Granstrom,  experiments  in  using  fine  ore  in  a  blast-furnace,  xvii, 
605. 

Grape  Creek  iron-mine,  Fremont  county,  Col.,  xviii,  270. 

Graphite  :  analysis  of,  xvi,  709  ;  in  the  Black  Hills,  S.  Dak.,  xvii 
[574,  582],  593 ;  from  Cranston,  R.  I.,  xvii  [678] ;  its  influence 
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on  cast-iron,  xvii,  690,  et  seq.;  in  Huronian  strata,  Menomi- 
nee county,  Mich.,  xvii  [629]  ;  in  Ontario,  Can.,  xvii  [294]. 
Graphitic  carbon  in  cast-iron:     xviii,  106,  461,  465;   increased 

through  agency  of  silicon,  xvii,  253. 
Graphitoidal  silicon,  xvii,  542. 
Grass  Greek  coal* mines,  Coalville.  Summit  county,  Utah,  xvi,  356 

et  seq. 
Grates :  Howe,  xx  [620] ;  McClave,  xx  [617,  620,  628],  628. 
Gratz,  Austria,  experiments  at,  in  adding  carbon  to  pig-iron  b<itii, 

XX,  114. 
Grayson  cannel  coal-mine.  Carter  county,  Ky.,  xviii,  437. 
Grayson  county,  Ky.,  coal,  xvi  [582],  584. 
Great  Britain :  iron-ore  production  in  1888,  xvii,  715 ;  from  1880 

to  1890,  xix,  481. 
Great  Extended  Hustlers  gold-mine,  Victoria,  Australia,  xx,  474, 

512. 
Gredt  on  fusibility  of  silicates,  xviii,  746. 
Greenbrier  county,  W.  Va. :  coal,  xvii,  119,  121;  geology,  xvii, 

118;  Glenmore  iron  estate,  xvii,   115;  limestone,  xvii,  118; 

timber,  xvii,  121. 
Greene  county,  N.  Y.,  natural  gas,  xvi,  955. 
Greene  county.  Pa.,  natural  gas,  xvi,  938. 
Greene,  F.  V. :  Asphalt  and  its  Usea^  xvii  [xxv],  355. 
Green,  George  Ross :  Exphdons  from  unknown  Causes  (discussion 

of  Mr.  Bayles's  paper,  Trans,  xix,  18),  xx  [^wu*],  85. 
Green  oil-well,  Genessee  township,  Allegany  count}',  N.  Y.,  xvi, 

934,  935. 
Green  Pond  iron-mines,  Morris  county,  N.  J.  xx  [222]. 
Green  River  coal-field,  Colo.,  xvii  [377]. 
Green  River,  Ky.,  advantages  of  the  region  for  making  charcoal 

iron,  xvi,  587. 
Greenwood  iron-mine,  Orange  county,  N.  Y.,  xvii  [746], 
Gregory  gold-mine,  Gilpin  county,  Colo.,  xviii,  449. 
Greigsville  shaft,  Livingston  county,  N.  Y..  xvii  [400], 
Greisen  associated  with  tin  in  the  Black  Hills,  S.  Dak.,  xvii,  591. 
Gridley,  E.,  on  the  strength  of  iron  made  at  Wasaaic  furnace, 

xvii,  472. 
Griffith's  Creek  coal-mine,  Marion  county,  Tenn.,  xvii  [47]. 
Grizzlies :  used  in  gold-mills  of  the  Black  Hills,  S.  Dak.,  xvii,  509; 

in  gold-washing,  xviii,  602. 
Groddeck :  on  phosphate-slag,  xvii  [89]  ;    on  Rammelsberg  ore* 

deposit,  xvii  [576]. 
Grove  slope,  Danville  iron-mine,  Montour  county,  Pa.,  xx,  376. 
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Gruner  on  fusibility  of  silicates,  xviii,  743. 

Guadalupe  Gold  and  Silver  Mining  Co.,  Honduras,  C.  A.,  xx,  399. 

Guadalupe  silver-mine,  Honduras,  C.  A.,  xx,  400. 

Guasucaran  silver-mine,  Honduras,  C.  A.,  xx,  399. 

Guayabillas  gold-  and  silver-mines,  Honduras,  C.  A.,  xx,  398. 

Guibal  fans  with  regulating  shutter,  xix,  37 ;  xx,  637  et  seq. 

Guildford  county,  N.  C,  Fentress  gold-mine,  xvii  [314]. 

Gulick  iron-mine,  Morris  county,  N,  J.,  xx  [221]. 

Gun-bronze  for  propellers,  xviii,  485. 

Gunnison  coal-field,  Colo.,  xvii  [377,  378]! 

Gunison  region,  Colo.:    faults  in,  xvi,  825,  830 ;  iron  resources, 

xviii,  271. 
Gunpowder,  testing  explosions  of,  xviii,  370,  515. 
Guns,  Bofors  steel  cast,  xvi,  557. 

Gurley's  bronze,  composition  and  physical  tests  of,  xviii,  822. 
Guston  silver-mine,  Ouray  county,  Red  Mountain  district,  Colo., 

xvii  [264J ;  xviii,  139  et  seq. 
Guysboro  county.  Nova  Scotia,  specular  iron-ore,  xviii,  203. 
Gwynn  gold-mine,  Calaveras  county,  Cal.,  xviii.  643. 
Gympie  gold-mining  district,  Queensland,  xx,  133. 
Gypsum :  in  the  Black  Hills,  S.  Dak.,  xvii  [571] ;  at  Buffalo,  N. 

Y.,  xvii,  250;  in  Nova  Scotia,  xvii  [297]  ;  in  New  Brunswick, 

xvii  [297]  ;  in  Ontario,  Can.,  xvii,  294  et  seq. 
Gyrating  screens  for  sizing  coal,  xix,  408  et  seq. 

Hackney,  William,  on  manufacture  of  anthracite  coke  in  Wales, 
XX  [622]. 

Hadfield,  R.  a.  :  AluviinuM'Steel,  xix  [xxxij^  1041 ;  xx  [233]. 

Hadley,  Prof.,  experiments  with  natural  gas,  xvi,  920. 

Hanish  and  Schroder,  process  for  manufacture  of  liquid  sulphur- 
ous acid,  XX,  336. 

Hagermann  anemometer,  xvii,  75,  76. 

Hague,  Arnold  :  Geological  History  of  theYeUowstone  National  Park, 
xvi  [axci],  783 ;  Soaping  Geysers,  xvii  [xliii']^  546 ;  on  geyser- 
action,  xvii,  450;  on  leaching  of  rhyolite  in  Yiellowstofte 
Park,  xvii,  448 

Haile  Gold-Mining  Co.,  Lancaster  county,  S.  C,  Blake  system  of 
fine  crushing,  xvi,  755. 

Haile  gold-mine,  Lancaster  county,  S.  C,  xvii,  314  et  seq, ;  xix, 
595,  601. 

Hairston  iron-mines,  Patrick  county,  Va.,  xx,  178. 

Halifax,  N.  S.,  iron-works,  xvi,  135. 

Hall,  Charles  E.  :  Geological  Notes  on  the  Manganese  Ore-DepositSy 
of  Orimoraj  Virginia,  xx  llvii],  46. 
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Hall.  Charles  M.,  L^^ngley,  John  W.,  and  Hunt,  Alfred  E.: 
The  Properties  of  Aluminum  With  Some  InformaHon  RelaUng  to 
the  Metalj  xviii  [ocxxi\  528  (see  Errata,  913). 

Hallock,  W.,  on  the  boiling-point  of  geyser-water,  xvii,  551. 

Hall,  Prof.  James :  on  the  geology  of  Niagara  Falls,  xvii,  322, 
833,  336,  399  et  aeq. ;  report  of  corniferous  limestone  at  Black 
Rock,  Lake  Erie,  xvi,  921. 

Hall  salt-mine,  Hall,  Tyrol,  xvii  [110]. 

Hallstadt  ealt-mine,  Hallstadt,  Austria,  xvii  [110]. 

Halymenites  sandstone  at  base  of  coal  measures  in  Northwest- 
ern Colo.,  xvii,  379. 

Hamilton  coal-mine,  Ohio  county,  Ky.,  xvi,  584. 

Hamilton  formation:  in  Greenbrier  county,  W.  Va.,  xvii,  116; 
near  Niagara  River, 'xvii  [400]. 

Hamilton,  Ontario,  Can.,  iron-works,  xvi,  135. 

Hammet's  Cove  coal-mine,  Marion  county,  Tenn.,  xvii  [47]. 

Hanauer  Smelting  Works,  Jordan  Valley,  Utah,  xvi  [18],  24; 
cast-steel  water-jackets  used  at,  xvii,  131 ;  visit  to,  xvi,  acm. 

Handling  of  Ingots  and  Moulds  in  Bessemer  Steel-  Works  (Curtis),  xx 
[ixit?],  351. 

Hand-Telescope  for  Stadia- Work  (Richards),  xx  [Ixit],  732. 

Hanover  coal-mine,  Westphalia,  Germany,  xvii,  429  et  seq. 

Hancock  Co.,  Ky.,  coal,  xvi  [582]. 

Hancock  copper  mine,  Lake  Superior,  Mich.,  xix,  702. 

Hard  coal  in  China,  xvi,  98. 

Harden,  John  H.  :  Note  on  theKoepe  Si  stem  of  Winding  from  ShaflSj 
xvii  [xiii],  429. 

Harden,  John  H.,  and  Edward  B.  :  The  Oonstruction  of  Maps  in 
Relief  xvi  [a;xi?],  279. 

Hardison  oil-well,  Genessee  township,  Allegany  county,  N.  Y., 
xvi,  934. 

Hardness :  defined,  xviii,  809,  817 ;  of  iron,  influence  of  alumi- 
num on,  xviii,  104  et  seq, ;  infiuence  of  silicon  upon,  xvii, 
702;  of  metals,  Turner  machine  for  determining,  xviii,  104 
•    tt  seq. ;  of  steel,  xvi,  597 ;  of  water,  xvii,  354. . 

Hard  steel,  production  of,  by  Husgafvel  process,  xvi,  348. 

Hare,  A.  W.,  analysis  of  porphyry,  Aspen  Mountain,  Colo.,  xvii, 
168. 

Harlem  River,  New  York,  High  Bridge,  xvii,  365. 

Harrison  gold-mine  and  stamp-mill,  Montgomery  county,  Md., 
xviii,  399  et  seq. 

Harrison  mining-machine,  xix  [305]. 

Harrison  Reduction  Works,  Leadville,  Colo.,  xx,  167. 

Hartite,  place  among  hydrocarbons,  xviii  [582]. 
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Hartz  jigs ;  xviii,  257  et  seq. ;  at  Bonne  Terre,  Mo.,  xvii,  662,  674. 

Harvard  UniveMty,  visit  to,  xvi,  xzxvlL 

Harvey  Hill  copper-mines,  Quebec,  Can.,  xviii,  320. 

Hastings  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 

Hatchettite,  place  among  hydrocarbons,  xviii  [582]. 

Hatch,  H.  W.,  record  of  Walcott  gas-well,  Wayne  county,  N.  Y., 

xvi,  944. 
Hat  Creek  coal  mines,  British  Columbia,  xviii,  315. 
Hattie  furnace,  Sheffield,  Colbert  county,  Ala.,  xx,  270. 
Hattie  Harvey  copper-mine,  Butte,  Mont,  xix,  690. 
Hauch  process  for  treating  tellurides,  xviii,  443. 
Haulage :  by  mule,  rope  and  electricity  compared,  xviii,  412 ; 

tail-rope  system  of  underground,  at  Pratt  mines,  Ala.,  xix, 

308;    wire  ropeways,  xvi,  213,  240;    xix,  760;  by  electric. 

motor,  xvi,  858;  xviii,  415;  xix,  266;  xx,  318,  356. 
Hawdon,  W.,  remarks  in  discussion  of  American  blast-furnace 

practice,  xx,  260. 
Hawkeye  silver-mine,  Uintah  district,  Summit  county,  Utah, 

xvi,  15. 
Haycock  iron-mine,  Quebec,  Can.,  xvi,  140. 
Hay  Creek  coal-mines,  S.  Dak.,  xix,  53. 
Hayes,  Charles  E.,  investigations  on  losses  of  gold  and  silver  in 

roasting  gold-ore  at  chlorination  works,  Cal.,  xvii,  11,  12. 
Hayes,  Dr.,  experiments  on  natural  gas  in  New  York  State,  xvi, 

909. 
Hayes,  Prof.  A.  A.,  refrigerating  process  for  the  manufacture  of 

sulphuric  acid,  xvi  [514]. 
Hayes,  S.  Dana,  analysis  of  Bernice  anthracite  coal,  xvii,  610. 
Hayes,  Thomas,  analysis  of  Bernice  anthracite  coal,  xvii,  610. 
Headden,  W.  p.  :  analysis  of  cassiterite,  xvii,  595 ;  analysis  of 

columbite,  xvii,  593. 
Headdex,  W.  p.  and  Carpenter,  Franklin  R.  :    Note  on  the  Infla- 

ence  of  Columbite  upon  the  Tin-Assay,  xvii  \xlif]^  633. 
Heald  &  Cisco  centrifugal  pumps  for  elevating  sand  and  water, 

xvii  [668]. 
Heard  coal-mine,  Sequatchie  county,  Tenn.,  xvii  [47]. 
Hearth*furnace,  Moffet  (Jumbo),  for  lead-smelting,  xviii,  680. 
Heat :  available,  in  blast-furnace  gases,  xvii,  78  et  seq. ;  action  of, 

on  commercial  aluminum,  xviii,  532 ;  conduction  of,  in  metals, 

xviii,  536;  insufficiency  of,  alone,  to  desulphurize  icon-ore, 

xviii,  87 :  of  slags,  xviii,  724 ;  specific,  of  aluminum,  xviii, 

535;  specific,  of  a  mixed  gas,  xix,  131. 
Heating-furnaces,  machinery  for  charging,  xix,  313. 
Heating-system  by  circulation  of  hot-water,  xvi,  870. 
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Heats,  conduct  of,  at  Croton  magnetic  iron-mine,  Putnam  county, 
N.  Y.,  XX,  116. 

Heat-units :  developed  by  combustion,  xviii,  861 ;  ii\a  pound  of 
producer-gas,  xviii,  614 ;  loss  of,  by  gasification,  xviii,  615, 
862;  required  for  puddling-iron,  xviii,  613. 

Heavy  spar :  as  gangue  in  ores  of  Aspen,  Colo.,  xvii,  204 ;  in 
Ontario,  Can.,  xvii  [296]. 

Heberle  mill  for  ore-grinding,  xviii  [265]. 

Hecla  coal-mines,  Hopkins  county,  Ky.,  xvi  [584]. 

Hedges  iron-mine.  Morris  county,  N.  J.,  xx  [221]. 

Hedley  on  use  of  platinum  ware  in  electrolytic  assays,  xvii  [410]. 

Heine,  analysis  of  salt,  xvii,  110. 

Heiss  coal-mine,  Sullivan  county,  Pa.,  xvii,  615. 

Helderberg  formation :  in  Greenbrier  county,  W.  Va.,  xvii,  116 
et  seq  ;  near  Niagara  Palls,  xvii  [399]. 

Helderberg  limestone  in  Virginia,  xx  [97]. 

Helena,  Mont.,  visit  to,  xvi,  ix^ii. 

Helson,  C,  on  losses  of  iron  in  European  works,  xx,  126. 

Hematite  (see  also  iron-ore) :  magnetic  properties  of,  xvii,  736. 
United  States  ;  in  Connecticut  (brown),  xvii  [724]  ;  in  Goge- 
bic range,  Mich,  and  Wis.,  xvi,  184;  at  Iron  Mountain,  Mich, 
(soft  blue),  xvii,  617;  in  Lake  Superior  region  (red),  xvii, 
720;  in  Maine  (brown),  xvii  [724];  in  Maryland  (brown), 
xvii  [724] ;  in  Massachusetts  (brown),  xvii  [724] ;  in  Meno- 
minee region,  Mich,  (blue),  xvi,  119,531  etaeq.;  xvii,  617;  in 
Missouri  (red),  xvii  [724]  ;  in  New  York ;  Clinton  county,  xvii, 
748;  Columbia  county  (brown),  xvii,  748 ;  Dutchess  county 
(brown),  xvii,  748 ;  Jefferson  county  (red),  xvii  [745] ;  St.  Law- 
rence county  (red;,  xvii  [745]  ;  Wayne  county,  xvii,  748;  in 
North  Carolina,  xvi,  846 ;  in  Southern  States  (brown  and  red 
fossil),  xvii,  723 :  in  Texas  (brown),  xvii  [724] ;  in  Wis- 
consin (brown),  xvii  [724].  Other  Countries  :  in  Canada, 
xvii  [294]  ;  in  China,  xix,  575  ;  in  New  Brunswick,  xvi  [139]  ; 
in  Spain,  Bilbao,  xix  [839]. 

Henderson  county,  Ky.,  coal,  xvi  [582]. 

Henderson,  James,  steel  process,  xvii,  60  et  seq. 

Hend^smi  Steel  (Brainerd),  xvii  [xix],  60.  j 

Henderson  steel,  analysis  of,  xvii,  64. 

Henderson  Steel  and  Manufacturing  Company,  North  Birming- 
ham, JeflFerson  county,  Ala.,  xvii,  60;  visit  to  works,  xvii, 
Txii, 

Hendy  Challenge  ore-feeder,  xvii  [512]. 

Henning,  Gustavus  C,  remarks  in  discussion  of  Mr.  Hunt's  paper 
on  tests  of  structural  wrought-iron  and  steel,  xx,  715,  771. 
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Henrich,  Carl  :  Not€8  on  the  Geology  and  on  Some  of  the  Mines  of 
Aspen  Mountain^  Pitkin  County^  Coh,^  xvii  [xxi%\i  156;  The 
Rights  of  the  Owner  or  Possessor  of  a  Lode  Mining-Claim^  xviii 
\xlvii],  881. 

Henry  coalmine,  Plains,  Luzerne  county,  Pa.,  xx  [656]. 

Henry  Ellen  coal-mines,  Jefferson  county,  Ala.,  xvii,  210,  223. 

Hercules  silver-mine,  Pitkin  county,  Colo.,  xvii  [171J. 

Heroidt  Process  of  SmeUing  Alvuninmn  Alloys  (Dewey),  xviii  {xlvii)^ 
666. 

Herreshoff  water-jacket  furnace,  xviii,  286. 

Hesse,  Conrad  E.  :  The  PainJb-Ore  Mines  al  Lehigh  Gap^  xix  [ix],  321. 

Hessite  (silver  telluride) :  at  Huronian  mine,  Ontario,  Can.,  xviii, 
43y ;  at  Red  Cliff,  Colo.,  xviii,  451. 

Heterosite  in  the  Black  Hills,  S.  Dak.,  xvii  [592]. 

Hewitt,  A.  S. :  Iron  and  Labor ^  xix  [vii\n  475;  reply  to  address  of 
Sir  James  Kitson  at  presentation  of  Bessemer  medal,  xix 
[xxacrj,  517. 

Hewett,  G.  C.  :  The  Northwestern  Colorado  Coal  Region,  xvii  Izxv^i], 
375 ;  on  the  gold  of  Homestake  vein,  Black  Hills,  S.  Dak.,  xvii 
[573]. 

Hiawassee  Valley:  mineral  wealth  of,  xvi,  840  et  seq:  topo- 
graphy and  geology  of,  xvi,  839. 

HiBBARD,  Henry  D.  :  remarks  in  discussion  of  Mr.  Campbell's 
paper  on  physical  and  chemical  equations  of  the  open-hearth 
process  (Trans.,  xix.,  128),  xx,  227;  of  Prof  Langley's  paper 
on  aluminum  in  steel  ingots,  xx,  239. 

Hibernia  iron*mine,  Morris  county,  N.  J.,  xx,  215  et  seq. 

Hidden  Treasure  silver-mine,  Juab  county,  Utah,  xvi  [10]. 

High  Bridge,  Harlem  River,  New  York,  arch  of,  xvii,  365. 

High  explosives^  tests  of,  xviii,  515. 

Highland  gold-mine,  Black  Hills,  S.  Dak.,  xvii,  573,  577. 

Highlands  of  the  Hudson,  iron  district,  xvii,  746. 

Highland  stamp-mill.  Black  Hills,  Lead  City,  S.  Dak.,  xvii,  500 
et  seq. 

Hilgard,  E,  W.,  on  geology  of  Petite  Anse  Island,  La.,  xvii  [108]- 

Hilgenstock,  G.,  on  the  condition  of  phosphoric  acid  in  phos- 
phate-slug, xvii,  89. 

Hills,  R.  G.,  on  solution  and  re  precipitation  of  gold  in  certain 
deposits,  xviii,  448. 

Hinkle  blast-furnace,  Ashland,  Wis.,  xix,  993. 

History  of  the  Ontario  Mine,  Park  City,  Utah  (Almy),  xvi  [xru*])  35. 

History  of  rocks  at  Mount  Morgan,  Queensland,  xx,  147. 

Hoboken,  N.  J.,  session  of  Institute  at  Stevens  Institute  of  Tech- 
nology, xvii,  xliii. 
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Hocking  Valley  salt-wells,  Ohio,  xvii  [110]. 

Hodges,  A.  D.,  Jr.  :    Amalgamatim^  at  the  Comstock  Lode^  Nevada  ; 

A  Historical  Sketch  of  Milling    Operations  at  Washoe,  and  an 

Account  of  the  Treatment  of  Tailings  at  the  Lyon  Mill,  Dayton, 

xix  [viii]^  195;  Notes  on  the  lopography  and  Geology  of  the  Cerro 

de  Pa9co,  Peru,  xvi  [xxviii'],  729. 
Hodges  process  for  roasting  copper-silver  matte,  xx,  40. 
Horde  furnaces,  Westphalia,  Germany,  xix,  340  etseq. 
Hoefer's  theory  of  blasting,  xviii,  370, 
Hoene  Consolidated  Coal  Co.,  Warrior,  Jefferson  county,  Ala., 

xvii,  210,  214. 
HoFMAN,  H.  D. :    ne  Dry  A9say  of  Tin-Ores,  xviii  [xxi],  3  ;    Gold 

Milling  in  the  Black  HiUs,  xvii  [pdit],  498 ;  on  treatment  of  Black 

Hills  tin-ore,  xvii,  597. 
HoFMANN,  Ottokar  :  Trough'Lixiviation,  xvi  [xxxvi],  662. 
Hoffman,  W.  H.  :  Practical  Residts  in  the  Magnetie  Concentration  of 

Iron-Ore,  xx  [Ixii],  602;   remarks  in  discussion  of  magnetic 

concentration  of  iron-ore,  xx,  575,  582. 
Hoffman  magnetic  ore-separator,  xx,  606, 
Hoffman  roasting-fiirnace,  xvi,  20. 
Hogan,  Murphy  &  Basele  oil-wells,  Allegany  county,  N.  Y.,  xvi, 

934. 
HohenzoUern  coal-mine,  Beuthen,  Upper  Silesia,  Germany,  xx, 

357. 
Hoisting:  cable  and  pneumatic,  compared,  xix,  115;   at  Drifton, 

Pa.,  xix,  436 ;  by  electric  motor,  xvi,  857 ;  xix,  267,  283;  im- 
provements in  American  practice,  xix,  123 ;  pneumatic,  xix, 

109;  at  Pratt  mines,  Ala.,  xix,  308. 
Hoists,  inclined  planes,  and  haulage,  xvi,  213. 
Holden  fan,  xx,  663,  675. 

HoUenback  Colliery,  Wilkes-Barre,  Pa.,  xx  [653]. 
HoUey,  Alexander  Lyman  :   dedication  of  memorial  to.  xix,  xv ; 

XX,  xvii;  manager  of  Pennsylvania  Steel  Works,  xvii,  227. 
HoLLiSTKR,  O.  J. :  Gold  and  Silver  Mining  in  Utah,  xvi  [xvii],  3. 
Hollow  ay,  J.  F.,  remarks  in  discussion  of  Mr.  Daelen's  paper  on 

German  steel-works  and  rolling-mills,  xix,  542. 
Hollow  Iron  Pig-Patterns  (Fackenthal),  xvii  [xlii],  427, 
Holly  Manufacturing  Co.,  Lockport,  N.  Y.,  visit  to  works,  xvii, 

XXX. 

Holman's  Digging,  Granby,  Mo.,  lead  deposits,  xviii,  676,  677. 

Holt,  M.  B.  :  Ekctriciiy  in  Mining,  cw  Applied  by  the  Aspen  Mining 
and  Smelting  Company,  Aspen,  Colo.,  xx  [Ixiv],  316. 

Homberg :  on  loss  of  gold  in  roasting  pyrites,  xvii,  4 ;  on  volatili- 
zation of  gold,  xvii,  4,  7. 
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Home  Coal  Co.,  Utah,  xvi,  357,  359. 

Homestake  gold-mine,  Black  Hills,  Lead  City,  S.  Dak.,  xvii,  572 
et  seq. ;  xviii  [411]  ;  stamp-mill  xvii,  500  et  seq. 

Homestead  oil-well.  Alma  township,  Allegany  county,  N.  Y., 
xvi,  932. 

Homestead  plate-mill,  Munhall,  Allegheny  county,  Pa.,  xx,  350 ; 
visit  to,  xix,  xxiv. 

Honduras,  C.  A. :  gold-  and  silver-mines,  xvii,  432  el  seq.;  xx,  395 ; 
mining  in,  xx,  394. 

Honduras  Gold  Co.,  Honduras,  C.  A.,  xx,  406. 

Honeoye  Gas  and  Mining  Co.,  Ontario  county,  N.  Y.,  gas-wells, 
xvi,  929,  948: 

Honorine  silver-lead-mine,  Stockton,  Tooele  county,  Utah,  xvi, 
15,17. 

Hope  silver-mine,  Flint  Creek  district.  Deer  Lodge  county,  Mont., 
xviii,  244. 

Hopkins  county,  Ky.,  coal,  xvi  [582,  584,  585]. 

Horn  Silver  silver-lead-mine,  Beaver  county,  Utah,  xvi,  4,  7, 17  ; 
smelting- furnace  at,  xvi  [18]. 

Horse  Creek  coal-mines.  Walker  county,  Ala.,  xvii,  210. 

Horse-Shoe  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  151 
et  seq. 

Hot-blast  stoves:  differential  regenerative,  xvii,  132;  in  Ger- 
many, xix,  342,  344  \  Massick's  and  Crooke's,  xix,  1036;  Ray- 
mond &  Campbell,  xvii  [463]  ;  regenerative,  xvii,  680. 

Hot'Spring  Formations  in  Red  Mountain  District,  Colorado :  A  Reply 
to  the  OriticisTns  of  Mr.  Emmons  (Comstock),  xvii  [xomi"],  261. 

Hot  Springs  iron-mine,  Saguache  county,  Colo.,  xviii,  270. 

Hot  Springs:  in  San  Juan  district,  Colo.,  xvii,  262;  in  Yellow- 
stone Park,  xvi,  793 ^(  seq. 

Hot  straightening  of  rails,  xvii,  234,  245. 

Hot  water  from  geyser  basins,  analyses  of,  xvi,  800. 

Howe  grate,  xx  [620]. 

Howe,  Henry  M.  :  Notes  on  the  Bessemer  Process,  xix  [axrxi],  1120; 
Preliminary  Note  on  the  Thermal  Properties  of  Stags,  xviii  [pdviii\, 
724;  remarks  in  discussion  of  Sir  Lowthian  Bells  paper  on 
the  probable  future  of  the  manufacture  of  iron,  xix,  851,  854 ; 
of  Prof.  Cheever's  paper  on  conditions  of  phosphorus  in  iron, 
xvi,  272,  277 ;  of  Mr.  Daelen's  paper  on  German  steel-works 
and  rolling-mills,  xix,  537 ;  of  Mr.  Pearce's  paper  on  progress 
of  metallurgical  science  in  the  West,  xviii,  457;  of  Mr.  Well- 
man's  paper  on  charging-machinery,  xix,  317 ;  on  behavior  of 
arsenic  in  roasting  copper-ores,  xviii  [63] ;  on  copper-smelting, 
xviii  [62] ;  on  the  effect- of  silicon  on  cast-iron,  xvii  [685]. 
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Howell  roasting-furnace,  xvi,  367, 372 ;  additional  diaphragm  in, 
xviii,  223 ;  comparison  of,  with  Brlickner,  reverberatory,  etc., 
xvi,  471  et  seq. 

Howell  and  White  furnace,  xvii  [771]. 

Howell,  E.  E.,  method  of  making  models,  xvi,  282,  295. 

Howe  oil-wells,  Bolivar  township,  Allegany  county,  N.  ¥•,  xvi, 
934, 937. 

Huddleston  gold-mine,  Montgomery  county,  Md.,  xviii,  404. 

Hudson  River  formation  near  Niagara,  xvi.i  [402]. 

Hudson  River,  New  York :  distribution  of  phosphorus  in  car- 
bonates of,  xviiiv252;  iron-district,  xvii,  748;  roasting  of 
carbonates  of,  xvii,  275. 

Hudson  River  Ore  and  Iron  Co.,  Burden  Station,  Columbia 
county,  N.  Y.,  xviii,  252. 

Hudson  River  valley,  geological  structure  of,  xvi,  955. 

Hudson  silver-mine,  Red  Mountain  district,  Ouray  County,  Colo., 
xviii,  142. 

Hiibnerite:  in  copper-veins  at  Butte,  Mont.,  xvi,  64;  presence 
of,  in  silver-ore,  xviii,  248. 

Hughes,  Herbert  W.,  remarks  in  discussion  af  Mr.  Harden's 
paper  on  the  Koepe  system  of  winding  from  shafts,  xvii,  431. 

Hughes,  John  (see  statistical  charts). 

Hull  iron-mine,  Leadville,  Lake  county,  Colo.,  xviii,  270,  271. 

Hull  iron-mines,  Quebec,  Can.,  xvi,  140. 

Humboldt  iron-mine,  Marquette  county,  Mich.,  xvi,  174;  xvii 
■     [718]. 

Humboldt,  Mich.,  iron-ore  concentration  at,  xvii,  743 ;  xix,  667. 

Hungary :  smelting  of  gold-ores  in,  xvi,  267 :  value  of  ores 
treated  by  pyritic  smelting,  xvi,  263. 

HuNGERFORD,  W.  S.  I  Mining  in  Soft  Ore-Bodies  at  Low  Moor^  xvii 
[xxiq,  103. 

Hunt,  Alfred  E.  :  A  Note  Upon  a  Modification  of  the  R^ning  Pro- 
cess Used  by  the  Carbon  Iron  Company ^  xvii  [xliii]^  678:  Some 
Recent  Improvements  in  Open-Hearth  Steel  Practice^  xvi  [asa»x], 
693 ;  The  Tests  and  Requirements  of  Structural  Wroughtrlron  and 
Steely  XX  [^m*],  677. 

Hunt,  Alfred  E.,  and  Clapp,  George  H.  ;  The  Inspection  of  Ma- 
terials of  Construction  in  the  United  Stales,  xix  [xxxit],  911 ;  The 
Impurities  of  Water,  xvii  [irxirrj,  338. 

Hunt  and  Douglass  process,  new,  for  treating  silver-  and  eopper- 
ores,  xvi,  82. 

Hunt,  Alfred  E.,  Langley,  John  W.,  and  Hall,  Charles  M.  : 
The  Properties  of  Aluminum,  With  Some  Infonnation  Rdating  to  the 
Metal,  xviii  Ixxxi],  528  (see  Errata,  913).      -•    ,  , 
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Huntilite  in  Ontario,  Can.,  xvii  [294]. 

Huntington  copper-mine,  Quebec,  Can.,  xviii,  319. 

Hunt,  Robert  W.  :  Proposed  Rail  Sectiana,  xvii  [xxxit],  778 ;  Rail- 
way  Splice-Bars  und  Specificatums  for  their  Manufactnre^  xviii 
Ixlvivi^,  624 ;  Sted  Rails  and  Specifications  for  their  Manufacture, 
xvii  [qcxv],  226 ;  remarks  in  discussion  of  Mr.  Daelen's  paper 
on  German  steel- works  and  rolling-mills,  xix,  539. 

Hunt,  T.  Sterry  :  Further  Notes  on  the  Hydro- Metallurgy  of  Copper 
xvi  [xix],  80;  The  Iron- Ores  of  the  United  SUjttee,  xix  [xrw?],  3  ; 
on  granitic-veins  of  the  Laurentian  formation,  xvii  [594] ;  on 
Hocking  Valley  coal,  xx  [165] ;  ieitter  concerning  Ritter  von 
Tunner,  xix,  xxi, 

Hurd  iron-mine,  Morris  county,  N.  J.,  xx,  222. 

Huronian  and  Laurentian  series  of  Archesan  period,  the  ore- 
bearing  Rock  of  Ontario,  Can.,  xvii,  295. 

Huron  copper-mine,  Lake  Superior,  Mich.,  xvi,  191 ;  xix,  683. 

Huronian  formation :  occurrence  of  graphite  in,  xvii,  629 ;  ut  Iron 
Mountain,  Mich.,  xvii,  617  ;  in  Ontario,  Can.,  xvii,  295,  300. 

Huronian  gold-mine,  Ontario,  Can.,  treatment  of  tellurides  at, 
xviii,  439. 

Huronian  rocks  in  the  United  States,  xix,  8. 

HvsgafvePs  Improved  High  Bhomary  for  Producing  Iron  and  Steel 
Direct  from  Ore  (Garrison),  xvi  foxcix],  334. 

Husgafvel  process  for  making  iron  direct  from  the  ore,  xvi,  717. 

Hussak,  Dr.  Eugene,  on  determination  of  rock-forming  minerals, 
xvii,  735. 

Hutchinson  incline.  Aspen,  Colo.,  xvii  [171,  194]. 

Hutch-work  in  jigging,  enrichment  of,  xvii,  656. 

Hydraulic  cement,  xvii  [294,  298],  300  [356]. 

Hydraulic  mining:  burlap-sluices  used  in,  xviii,  605;  grade  of 
ditches  and  sluices  in,  xviii,  602 ;  improved  system  of  water 
supply  for,  xvi,  602 ;  undercurrent  used  in,  xviii,  604. 

Hydraulic  power,  in  German  steel-works,  xix,  536. 

Hydraulic  pump,  compound-plunger,  xx,  108. 

Hydrocarbons,  classification  of,  xviii,  582. 

Hydrogen :  specific  heat  of,  xvii,  100 ;  value  as  fuel,  xvii,  99 ; 
weight  of  cubic  foot  of,  xvii,  100. 

Hydro^metallurgy  of  copper,  xvi,  80. 

Hygeia  Spring,  Yellowstone  Park,  sodium  arseniate  in,  xvi,  802. 

Hyposulphite,  loss  of,  in  lixiviation,  xx,  36. 

Hyposulphite  salts,  formation  of,  in  precipitation,  xx,  19. 

Hyposulphites  by  oxidation  of  sulphide  solutions,  economy  of 
producing,  xx,  22. 
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Ibague  gold-mines,  Dept.  of  Tolima,  Colombia,  S.  A.,  xviii,  211. 
Idaho:  coal-production  in  1877-88,  xviii,  124;  treatment  of  fine 

gold  in  Snake  River  sands,  xviii,  597. 
Idaho  gold-mine,  Grass  Valley,  Nevada  county,  Cal.,  xviii,  643. 
Igneous  concentration  of  dry  auriferous  silver-ores,  xvi,  265. 
Ihlseng,  Prof.  M.  C,  report  on  oil-fields  of  Fremont  county,  Colo., 

XX  [443]. 
lies,  M.  W.,  analysis  of  silver-ore,  xvii,  769. 
Iletsk  salt-quarry,  Iletsk,  Western  Siberia,  xvii  [111]. 
Illinois :  asphaltic  limestones,  xviii  [582] ;  available  tonnage  of 

coal-fields,  xvii,  208 ;  coal-production  in  1887-88,  xviii,  124, 

133. 
Illinois  Steel  Co.,  Union  Works,  Chicago,  Ills.,  xix,  972 ;  xx,  281. 
Ilmenite  in  the  Black  Hills,  S.  Dak.,  xvii  [582,  593,  786]. 
Imaginary  Boundaries  (Raymond),  xviii  [pcxi],  182. 
Imes  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  151  ei  seq, 
Imperatori  process,  experiments  with,  at  Croton  magnetic  mine, 

Putnam  county,  N.  Y.,  xx.  111. 
Impregnations  of  limestone  with  silver-lead  ores,  Aspen,  Colo., 

xvii,  206. 
Improved  French  Pocket-Compasa  (Bergier),  xviii  [xx],  97. 
Improved  System  of  Water  Supply  for  Hydraulic  Mining  (Pearsall), 

xvi  [xxxri],  602. 
Impurities  of  Water  (Hunt  and  Clapp),  xvii  [xxvi],  338. 
Incandescent-system  of  electric  welding  and  metal- working. 

XX,  249. 
Incline  Railway  at  Lookout  Mountain  (Adams),  xvi  [xrv],  203. 
Independent  silver-mine,  Butte,  Silver  Bow  county,  Mont.,  xvi, 

55. 
Independence  township,  Allegany  county,  N.  Y.,  oil-well,  xvi, 

929;  xviii,  295. 
Indiana,  coal-production  of,  in  1887-88,  xviii,  124, 133. 
Indian  Territory  :  Choctaw  coal-fields,  xviii,  653;  coal-production 

in  1887-88,  xviii,  124. 
Influence  of  associated  minerals  on  block-tin  assay,  xviii,  43. 
Influence  of  columbite  upon  tin-assay,  xvii,  633. 
Influence  of  Silicon  on  the   Determination    of  Phosphorus   in   Iron 

(Drown),  xviii  [irxi],  90. 
Ingot-iron  (see  also  iron),  analyses  of,  xvi,  272. 
Ingot-machine,  rotary,  xvi,  84. 

Ingots  and  moulds  in  Bessemer  steel-works,  apparatus  for  hand- 
ling, xx,  351. 
Inman,  A.  L. :  on  concentration  of  Chateaugay  iron-ores,  xvii, 

731. 
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Inorganic  Standards  for  the  Colorimetric  Carbon  Test  (Robinson),  xvi 
[xxv],  111. 

Inspection  of  Materials  of  Construction  in  the  United  States  (Clapp 
and  Hunt),  xix  [xxodt],  911. 

Inspection  of  steel-rails,  xvii,  240,  244,  245. 

Insulation  of  electric  currents,  Ferranti  system,  xvii  [561]. 

Interesting  Vein  Phenomena  in  Boulder  county,  Colorado  (Farish),  xix 
[JTl  547. 

International  Standards  for  the  Analysis  of  Iron  and  Steel  (Langley), 
xix  [axtin"],  614 ;  xx  [Ivii],  242. 

International  metric  standards,  xviii,  716. 

Interstitial  channels  found  in  jigging,  influence  of,  xvii,  651, 672. 

Iowa,  coal-production  of,  in  1887-88,  xviii,  124. 

Irma  gold-mine  and  stamp-mill,  Montgomery  county,  Md.,  xviii, 
401,  403. 

Iron  (see  also,  cast-iron,  wrought-iron  etc.) :  action  of  aluminum 
upon,  xviii,  833 ;  action  in  assisting  amalgamation,  xvii,  777 ; 
alloyed  with  aluminum,  analyses  and  tests  of,  xviii,  557; 
alloys  with  aluminum,  xix,  1041, e<  seq. ;  basic  pig,  manufacture 
of,  in  Germany,  xix,  350 ;  in  the  Black  Hills,  xvii  [571] :  bog-iron 
in  Red  Mountain  district,  Ouray  county,  Colo.,  xvi,  575 ;  cast, 
affected  by  silicon  in  various  ways,  xvii,  683  ;  casting  protec- 
ted by  asphaltic  covering,  xx,  14 ;  cost  of  making  pig-iron  in 
Greenbrier  county,  W.  Va.,  xvii,  123 ;  dephosphorizing  by 
Thomas  process,  xvii  [86,  92] ;  determination  of  phosphorus 
in,  xvii,  100;  effect  of  aluminum  on  cast-iron,  xviii,  102; 
effect  of  aluminum  on  wrought-iron  and  steel,  xviii,  557,  835  ; 
effect  of  carbon  on  strength  of,  xviii,  115 :  effect  of  chlorine 
on,  at  cherry -red  heat,  xvii,  35 ;  effect  of  phosphorus  on  cast- 
iron,  xviii,  458 ;  ingot-iron  for  rails  in  Germany,  xix,  382  ;  mag- 
netic susceptibility  of  ferruginous  minerals,  xx,  578  et  seq, ;  at 
Muirkirk,  Md.,  xvii,  460 ;  in  Ontario,  Can.,  xvii  [294,  298,  299]; 
in  Ouray  county,  Colo.,  xvi,  580;  phosphorus  in,  xvi,  269; 
phosphorus  determination  in ;  influenced  by  arsenic  and  tit- 
anium, xviii,  714;  influenced  by  silicon,  xviii,  90,  709;  phos- 
phorus determination  in,  by  various  methods,  xviii,  705 ;  is 
protoxide  of  iron  magnetic  ?  xx,  580 ;  puddling,  heat  con- 
sumed in,  xviii,  613  ;  pig,  of  unusual  strength,  xvii,  460 :  price 
of,  1854-90,  xix,  512 ;  record  of  pig-metal  in  blowing-in  Dur- 
ham furnace,  xviii,  380 ;  small  output  of,  at  Brooke  furnace, 
Birdsboro,  Pa.,  xviii,  427;  softened  by  silicon,  xvii,  254;  spi- 
rally-welded tubes,  xvi,  554 ;  standards  and  specifications  for 
testing,  xix,  914 ;  trade  in  Canada,  xvi,  129;  use  in  place  of 
glass  or  platinum  in  concentrating  apparatus, xvi,  516, ••white, 
analysis  of,  xvii,  87. 
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Iron  Breaker  at  DriftoUj  with  a  Description  of  some  of  the  Machinery 
Used  for  Handling  and  Preparing  Coal  at  the  Cross  Creek  Col- 
lieries  (Coxe),  xix  [ix],  398. 

Iron-breakers,  Drifton,  Pa.,  visit  to,  xx,  hxiii. 

Iron,  cobalt  and  copper,  neutral  chlorides  of,  as  standard  solutions, 
xvi,  112. 

Irondale  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 

Iron  fault  at  Iron  Hill,  Leadville,  Colo.,  xviii,  149,  150,  153. 

Iron  Hill  Consolidated  silver-mine,  Lake  county,  Colo.,  xviii, 
145  e^  seq. 

Iron  Hill,  Leadville,  Colo.,  geology  and  ore-deposits,  xviii,  145. 

Iron  Hill  silver-lead  mine,  Black  Hills,  S.  Dak.,  xvii,  584. 

Iron  King  iron-mine,  Gogebic  range,  Mich.,  xvi.,  186  ei  seq^ ;  xvii, 
719. 

Iron  King  iron-mine,  Gunnison  county,  Colo.,  xviii,  271. 

Iron  and  Labor  (Hewitt),  xix  [mi],  475. 

Iron  Mask  silver-mine,  Red  Cliff,  Eagle  county,  Colo.,  xviii  [172]. 

Iron-mines :  United  States  :  Colorado :  Chaffee  county ;  Calu- 
met, xviii,  269  [270]  ;  Fremont  county  ;  Grape  Creek,  xviii, 
270;  Gunnison  county;  Cumberland,  xviii,  272 ;  Iron  King, 
xviii,  271 ;  Lake  county ;  Leadville,  Breece,  xviii,  270 ;  Hull, 
xviii,  270,  271;  Saguache  county;  Hot  Springs,  xviii,  270; 
Maryland:  CoUins's  Bank,  xvii, 466 ;  Diven,  xvii, 466;  Jeffer- 
son, Tyson,  xvii,  466;  Millrock,  xvii,  466;  Montieth,  xvii,  466; 
Walker  Bank,  xvii,  466 ;  Prince  George's  county ;  Beltsville, 
Geo.  Yokel,  xvii,  465 ;  Branchville,  Burgess,  xvii,  466 ;  Muir- 
kirk,  xvii,  46r» ;  Con  tee's,  O'Brien,  xvii,  465 ;  Skaggs,  xvii, 
465;  Michigan:  Dickinson  county ;  Aragou,  xx,  188;  Gogebic 
range;  Ashland,  xvi,  185  et  seq, ;  xvii,  719  ;  Aurora,  xvi,  185  d 
seq;  xvii,  719;  Colby,  xvi,  185  et  seq,  ;  xvii,  718 ;  Iron  King, 
xvi,  186  et  seq. ;  xvii,  719 ;  Ironton,  xvi,  186  et  seq- ;  xvii  [719] ; 
Norrie,  xvii,  718 ;  Puritan,  xvi,  li^etseq.;  xvii,  719;  Sunday 
Lake,  xvii  [719];  Superior,  xvii  [719]  ;  Iron  county ;  Dunn, 
xvii,  718;  Nanaimo,  xvii  [629];  Paint  River,  x\4i  [629]; 
Marquette  county  ;  Barnum,  xvi,  174 ;  xvii  [718] ;  Bessemer, 
xvii  [719];  Cambria,  xvi,  174;  xvii  [718];  Champion,  xvi, 
173,  177;  xvii,  717,  729;  Cleveland,  xvi,.  173;  xvii,  717; 
Cliff's  Shaft,  xvii  [718];  Humboldt,  xvi,  174;  xvii  [718]; 
Jackson,  xvi,  173 ;  xvii,  717 ;  Lake  Angeline,  xvi,  174 ;  xvii,  717 
[753]  ;  Lake  Superior,  xvi,  173 ;  xvii,  717  ;  McComber,  xvi, 
174;  Michigamme,  xvi,  174 ;  xvii  [718];  New  York,  xvi,  173 ; 
xviii  [718];  Pittsburgh  and  Lake  Superior,  xvi,  174;  xvii 
[718]  ;  Republic,  xvi,  173, 177;  xvii,  717;  Saginaw,  xvi,  174; 
Salisbury,  xvi,  174;    xvii  [718];    Winthrop,  xvi,  174;   xvii, 


INPEX,   VOLS.   XVI  TO  XX.  93 

Iron-mines — Continued, 

[718] ;  Menominee  count}' ;  Iron  Mountain,  Chapin,  xvi,  119, 
173  [625],  532,  862,  901 ;  xvii,  560,  566,  619,  718 ;  xviii  [426] ; 
Commonwealth,  xvi,  173;  xvii,  718;  Curry,  xvi,  529 ;  Cyclops, 
•xvi,  173,  531,  536,  893;  Florence,  xvi,  173 ;  xvii,  718;  Iron 
River,  xvi,  173,  864;  xvii  [629],  718;  Ludington,  xvi,  173, 
532 ;  xvii,  560,  616  et  seq,,  718 ;  xviii  [426] ;  Mastodon,  xvii, 
718;  Norway,  xvi,  173,  525  et  aeq,,  893,  901,  904;  xvii,  718; 
Perkins,  xvi,  173 ;  xvii,  718 :  Quinesec,  xvi,  173,  525  et 
aeq.,  892 ;  Vulcan,  xvi,  173,  529,  536,  895  et  aeq. ;  xvii,  718 
Minneaota:  Vermilion  district;  Breitung,  xvi,  180,  182 
Chandler,  xvii  [719];  Ely,  xvi,  180,  182;  Lee,  xvi,  182 
Stone,  xvi,  181,  182;  Stuntz,  xvi,  181, 182;  Tower,  xvi,  180 
182;  Miaaourl:  Iron  county;  Pilot  Knob,  xvii  [723,  727] 
St  Francis  county;  Iron  Mountain,  xvii  [723,  727],  730 
New  Jersey :  Morris  county ;  Baker,  xx  [222] :  Beach  Glen, 
xvii,  739 ;  Byram,  xx  [222] ;  Charlotteburg,  xx  [216] ;  Dal- 
rymple,  xx  [222] ;  Dickerson,  xx,  215  et  aeq. ;  (Jove,  xx  [222] ; 
Green  Pond,  xx  [222]  ;  Gulick,  xx  [221] ;  Hedges,  xx  [221]  ; 
Hibernia,  xx,  215  etaeq.;  Hurd,  xx,  222  ;  Irondale,  xx  [222]  ; 
Langdon,  xx  [221]  ;  Mount  Hope,  xvii,  740 ;  xx,  215  et  aeq,  ; 
Mount. Pleasant,  xx,  222;  Piatt,  xvii,  740;  Randall  Hill,  xx 
[222]  ;  Richard,  xx  [222]  ;  Squier's,  xx  [221] ;  Stoutenburgh, 
XX  [222] ;  Succasunna,  xx  [217]  ;  Swayze,  xx  [221] ;  Teabo, 
XX  [2221;  Weldon,  xix,  667 ;  xx,  590;  Passaic  county;  Board, 
XX  [222];  Centennial  (Squire's),  xx  [222];  Peters,  xviii,  627; 
Ringwood,  xx,  215  et  aeq. ;  Sussex  county ;  Andover,  xx  [222] ; 
Ogden,  xix,  657;  xx,  222,  586;  Warren  county;  Kishpaugh, 
XX  [221];  Lanning,  xx  [222];  Pequest,  xx  [222];  Queen,  xx 
[221];  New  York:  Clinton  county;  Arnold  Hill,  xvii  [747];  Cha- 
teaugay  Ore  and  Iron  Co.,  xvii,  722,  730  et  aeq.,  lAl ;  xviii, 
748 ;  Palmer  Hill,  xvii  [747] ;  Columbia  county  ;  Burden,  xvii, 
748;  xix,  11;  Mt.  Tom,  xviii,  253,  254;  Hudson  River  Ore 
and  Iron  Co.,  xviii,  252 ;  Weed,  xvii  [748] ;  Dutchess  county  ; 
Beekman,  xvii  [748] ;  Clove  Spring,  xvii  [748] ;  Fishkill,  xvii 
[748] ;  Essex  county ;  Crown  Point,  xvii,  746 ;  xviii,  748 ; 
Lover's  Hole,  xviii,  753 ;  Miller,  xviii,  751 ;  Mineville,  xix, 
666;  New  Bed,  xvii,  721,  739  et  aeq.;  xviii,  751  etaeq.;  Old 
Bed,  xvii,  739  etaeq.;  xviii,  750;  xx,  577  et  aeq.,  699 ;  Port 
Henry,  xvii,  746 ;  xviii,  747  et  aeq.;  xix,  663;  xx,599;  Jef- 
ferson county;  Keene,  xvii  [747] ;  Shirtleff,  xvii  [747] ;  Orange 
county;  Greenwood,  xvii,  746;  Putnam  county  ;  Croft,  xvii 
[746];  Croton  Magnetic,  xvii,  737,  746;  xix,  666;  xx,  111, 
575  et  aeq. ;  Forest  of  Dean,  xvii  [746]  ;  Mahopac,  xvii  [746] ; 
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McCollum,  xvii  [746] ;  Tilly  Foster,  xvii,  746,  758;  xx,582; 
The^l,  xvii  [746]  ;  Todd,  xvii  1746J ;  Rockland  county  ;  Ster- 
ling,  xvii  [746J ;  St.  Lawrence  county  ;  Benson,  xix,  192,  663, 
666;  Clark,  xvii  [747] ;  Jayville,  xvii  [747] ;  Pike,  xvii  [747] 
Policy,  xvii  [747];  Tate,  xvii  [747J;  North  Carolina:  Mitchel 
county ;    Cranberry   (magnetite),  xix,  667 ;    xx  [179],  224 
Stokes  county ;   Banner,  xx,  184  ;    Becky  Nelson,   xx,  184 
Carlin,  xx,  185;  Cherry  Tree,  xx,  184;  Grandfather,  xx,  183 
Isaac  Fagg,  xx,  185;    Langford,  xx,  184;    Nelson,  xx.  182 
Pepper,  xx,  185;    Rodgers,   xx,   184;  Shropshire,  xx,  184 
Pennsylvania:   Berks  county;   Bechtelsville,  xix,  667 ;  Jones 
xvii,  744;  Carbon  county;   Lehigh  Gap  (paint-ore),  xix,  321 
Montour  county ;  Danville,  xx,  369 ;  Utah :  Juab  county ;  Tin 
tic  district,  Dragon,  xvi,  10;  Virginia:  Alleghany  county;  Blue 
Ridge  (specular),  xix,  1017 ;  I-»ongdale,  xix,  1019 ;  xx,  96  et  seq.; 
Low  Moor,  xvii,  103;  xix,  1020;  Franklin  county;  Rocky 
Mount,  Clark  (magnetite),  xx,  175 ;  Patrick  county  ;  Hairston, 
XX,  178 ;  Roanoke  county ;  Crozer,  xix,  1026 ;  Wise  county ; 
Big  Stone  Gap  (brown  and  fossil),  xix,  1023 ;  Wythe  county ; 
Brown  Hill,  xx,  177  ;  Wisconsin;  Ashland  county  ;  Grermania, 
xvi,  186;  Kakagon,  xvi,  186;  xvii,  719;  Montreal,  xvi,   186; 
Nimikon  (Carey),  xvii  [719] ;  Odanah,  xvii  [719] ;   Trimble, 
xvi,  186.    Other   Countries:    Canada:  British    Columbia; 
Texeda    Island,  xvi  [140];    Ontario;   Haliburton    county; 
Snowdon  district,  xix,  33 ;  Hastings  county  ;  Central  Ontario 
R.  R.,  xix,  32;  Peterboro  county  ;  Belmont,  xix,  30;  xx,  172  ; 
Blairton,  xix,  81 ;  Quebec ;  Baldwin,  Bristol,  Haycock,  Hull, 
xvi,  140 ;  Cuba :  Juragua,  xix  [291]  ;    Nova  Scotia :  Acadia, 
xvi,  136;  Cobequid  Hills,  Londonderry,  xvi,  135;  Loch  Lo- 
mond, xviii  [202]  ;    Onslow,  xviii  [202]  ;    Tenny  Cape,  xviii 
[202];  Russia:  Malo-blagodatj,  xvi,  347,  350;   Sweden:  Dan- 
neniora,  xvii,  603 ;  xviii,  634. 

Iron-mines  of  the  United  States,  consumption  of  timber  in,  xvii, 
267. 

Iron-mining  in  New  Jersey  :  early  history  of,  xx,  215 ;  fluctuations 
in,  XX,  220. 

Iron-mining  industry  of  New  York  for  the  past  decade,  xvii, 
745. 

Iron  Mountain  iron-mine,  St.  Francis  county,  Mo.,  xvii  [723],  730. 

Iron  Mountain,  St,  Francis  county,  Mo.,  iron-ore,  xx,  257. 

Iron  Mountain,  Mich.,  Ludington  iron-mine,  xvii,  616. 

Iron  and  nickel,  crystalline  sulphides  of,  xvi,  117. 

Iron  ocher  in  Sumatra,  xx  [60]. 
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Iron-ores:  analyses  (see  analyses  of  iron-ores);  xvi,  147,  148, 
180,  183,  187,  189,  636,  586,  847,  848,  849;  xviii,  201,  202, 
203,  309,  311,  759,  762;  xix,  60,  61,  1018  ei  seq.;  coiH^en- 
tration  by  magnetic  separation,  xvii,  599 ;  cost  in  Seqnachie 
Valley,  Tenn.,  xvii,  46;  desulphurization  of  pyritiferous^ xviii, 
78 ;  determination  of  phosphorus  in,  xvii,  750 ;  importations 
from  foreign  countries,  1888,  xvii,  715,  724,  727 ;  importations 
of,  to  United  States,  1887-88,  xix,  17 ;  magnetic  concentration, 
xvii,  728 ;  xix,  62,  71, 187,  656 ;  magnetic  concentrates  of,  xx, 
575;  magnetization  of,  xix,  289;  phosphatic  ores  in  the 
Southern  States,  xvii,  85;  prominent  sources  of  supply,  xvii, 
715;  sising  in  magnetic  concentration,  xvii,  733;  use  of  fine 
ore  in  the  blast-furnace,  xvii.  731 ;  washing,  xix,  1029. 
Localities:  Uhited States :  Alabama:  Chilton  county  (phos- 
phoritic,  metamorphic),  xvii,  91  [93] ;  Red  Mountain  (fossil), 
xvii,  137,  152;  Talladega  county  (silurian  brown),  xvii, 
91  [93];  Appalachian  Valley,  xix,  8  et  seq.;  Colorado:  xvii, 
724;  xviii,  266;  Connecticut:  Litchfield  county,  Salisbury, xx 
[224]  ;  Georgia:  xvii  [91] ;  in  Hiawassee  Valley  (brown  hema- 
tite, magnetic  and  specular),  xvi  [840,  843] ;  Maryland :  Balti- 
more ores  (carbonates,  altered  and  unaltered),  xvii,  464 ;  Muir- 
kirk  ores,  xvii,  466 ;  Michigan :  Jjake  Superior,  xix,  59,  484 ; 
Menominee  range,  xvi,  525 ;  xvii,  617,  619  (blue  hematite) ; 
Miasimppi :  Lauderdale  county.  Enterprise,  xvi,  146;  Missouri : 
Iron  county.  Pilot  Knob,  xx,  257 ;  St.  Francis  county.  Iron 
Mountain,  xx,  257 ;  New  Jersey :  xvii,  722 ;  Highlands  of 
northern,  xx,  215  ;  Morris  county,  xx,  132  ;  New  York:  (mag- 
netic), xviii,  747;  Adirondack  and  Lake  Champlain  region 
(magnetite),  xvii,  721,  728  [745],  746;  xx  [224];  Clinton 
county  (fossil  ores);  xvii  [745],  748;  Columbia  county 
(limonite),  xvii  [745],  748 ;  Dutchess  county  (limonite),  xvii 
[745],  748 ;  Wassaic,  xvii,  472 ;  Essex  county,  Mineville  (mag- 
netite), xvii,  750 ;  New  Bed,  xx,  600 ;  Old  Bed,  xx,  577,  600 ; 
Port  Henry,  xx,  583,  599;  Highlands  of  the  Hudson  (mag- 
netite), xvii  [745],  746;  Hudson  River  (carbonates),  xvii  [745], 
748 ;  Jeiferson  county  (red  hematite),  xvii  [745],  747 ;  Putnam 
county  (magnetite),  xvii,  737  ;  (magnetic),  xx,  115  ;  Richmond 
county,  Staten  Island  (limonite),  xvii  [745],  749 ;  St.  Law- 
rence county  (red  hematite),  xvii  [745],  747  ;  Wayne  county 
(fossil  ores),  xvii  [745],  748 ;  North  Carolina :  Stokes  county 
(magnetite),  xx,  174 ;  Danbury  (magnetic  hard*,  soapstone- 
and  sand-ore),  xx,  182;  Oregon:  xvii  [724];  Pennsylvania: 
Lebanon  county,  xx  [224] ;  Cornwall  ore-banks,  xvii,  720 ; 
Montour  county,  Danville,  xx,  370 ;  Tennessee  :  xvii  [91] ;  Vir- 
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ginia:  xix,  1016;  Allegheny  county,  xx,  96;  Amherst  county 
(magnetic),  xx  [176];  Bedford  county,  Davis  Mill  section 
(magnetic),  xx,  179 ;  Botetourt  county  (brown),  xix,  1024 ; 
Campbell  county  (magnetic),  xx  [176];  Franklin  county, 
Rocky  Mount  (magnetic),  xx;  175 ;  Henry  county  (magne- 
tite), XX,  174 ;  Louisa,  Spottsylvania  and  Stafford  counties 
(brown  ores),  xx,  196;  Oriskany  brown,  xix,  1018;  Patrick 
county,  Stewart's  Knob  section  (magnetites),  xx,  178;  Taze- 
well county  (brown),  xix,  1018;  Wythe  county,  Brown  Hill 
section  (magnetite  and  brown  hematite),  xx,  177 ;  WashinffUni  : 
xvii  [724] ;  West  Virginia :  Greenbrier  county,  Glenmore  (red 
fossil),  xvii,  119.  Other  Countries  :  Africa :  Transvaal,  xviii, 
347;  Canada:  Ontario,  Peterboro  (magnetite),  xx,  172 ;  C%tna, 
xix,  576 ;  Germany^  xix,  332 ;  New  Brunswick,  xvi,  139 ;  Nova 
Scotia,  xviii,  199  et  seq, 

IronrOres  of  the  United  Stales  (Hunt,  T.  S.),  xix  \xxiv],  3. 

IronOres  of  Virginia  and  their  Development  (Pechin),  xix  [xzxu], 
1016. 

Iron  pig-patterns,  xvii,  427. 

Iron-production  :  in  America,  England  and  Germany,  xix,  331, 
332,  358 ;  at  some  German  furnaces,  xix,  346  et  seq. ;  in  Great 
Britain,  1880-90,  xix,  481 ;  in  Pennsylvania,  xix,  962 ;  of  vari- 
ous countries,  xvii,  715. 

Iron-pyrites  (see  also  pyrites)  in  Black  Hills,  S.  Dak.,  xvii 
[498]. 

Iron-Resources  of  Colorado  (Chauvbnbt),  xviii  [xsct],  266. 

Iron  River  iron-mine,  Menominee  county,  Mich.,  xvi,  173,  864 ; 
xvii  [629],  718. 

Iron  Silver  Mining  Co.,  silver-mines,  Leadville,  Colo.,  xviii  [146, 
159],  165  et  seq. 

Iron  and  Steel  Institute :  its  origin,  aims  and  works,  xix,  475 ;  New 
York  meeting,  proceedings  of,  xix,  ocxxi;  presentation  of  Besse- 
mer medal,  with  addresses  by  Sir  James  Kitson  and  Hon.  A. 
S.  Hewitt,  xix  [xxxi],  515. 

Ironton  iron-mine,  Gogebic  range,  Mich.,  xvi,  186  e<  seq.;  xvii 
[719], 

Irvine,  George  W.,  remarks  in  discussion  of  Mr.  Emmons's  paper 
on  the  geology  of  Butte,  Montana,  xvi,  59. 

Irving,  Johnston  &  Co.'s  asbestos-mines,  Thetford,  Quebec,  Can., 
xviii,  326. 

Irving,  R.  D.,  on  the  origin  of  iron-ore  beds,  Menominee  county, 
Mich.,  xvii,  629. 

Isaac  Fagg  iron-mine  (magnetic),  Stokes  county,  N.  C,  xx,  185. 
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Iron- works  (see  also  blast-furnaces) :  Alabama:  Jefferson  county ; 
Birmingham,  Sloes  Steel  and  Iron  Co.,  xvii,  61,  211,  212; 
Thomas,  Pioneer  Mining  and  Manufacturing  Co.,  xvii  [142]; 
Woodward,  Woodward  Iron  Co.,  xvii  [141];  Maine:  Piscata- 
quis county  ;  Katahdin  Iron  Works,-  xviii,  304 ;  Maryland : 
Baltimore,  Stickney  Iron  Co.,  xvii,  471;  MasmchvseUa :  Bristol 
county;  Fall  River  Iron  Works,  xviii  [214];  South  Boston, 
xvii,  460;  New  Jersey :  Monmonth  county;  Tinton  Falls,  xx 
[216];  Sussex  county;  Edison,  xx,  225 ;  Stanhope,  Muscon- 
etong,  xviii  [86] ;  Warren  county ;  Oxford  Iron  and  Nail  Co., 
xviii  [214,  215] ;  New  York :  Oneida  county  ;  Franklin  Iron 
Manufacturing  Co.,  xvii  [748] ;  Kirkland  Iron  Co.,  xvii  [748]; 
Pennsylvania :  Allegheny  county ;  Pittsburgh,  Carbon  Iron 
Co.,  xvii,  678 ;  Berks  county ;  Birdsbpro,  E.  &  G.  Brook  Iron 
Co.,  xviii,  427;  Bucks  county;  Riegelsville,  Durham,  xvii 
[102] ;  xviii,  379 ;  Cambria  county ;  Johnston,  Cambria  Iron 
Co.,  xvii,  227 ;  Cameron  county;  Emporium,  Cameron,  xviii, 
434 ;  Chester  county ;  Phcenixville,  Phoenix,  xviii,  88 ;  Mont- 
gomery county ;  Pottstown,  Warwick,  xvii  [124];  Westmore- 
land county;  Coketon,  Isabella  furnace,  xvi,  545;  Virginia: 
Alleghany  county ;  Longdale,  xvii  i.124];  Low  Moor,  xvii  [123, 
124],  129.  Other  Countries  :  Austria :  experiments  at  works 
in,  XX,  114;  Canada:  Ontario;  Hamilton,  xvi,  135 ;  London, 
xvi,  135 :  Toronto,  xvi,  135 ;  Quebec ;  Drummondville,  xvi,  135 ; 
Montreal,  xvi,  135 ;  Radnor,  xvi,  136 ;  Finland :  Wartsila,  xvi, 
388  etseq.;  Oermany :  Aachen.  Rothe  Erde,  xvii,  93;  Ruh- 
rort,  Rhein  Steel  Works,  xvii,  93 ;  Lorraine :  Hayingen,  Fois 
de  Wendel  Co., xvii,  93 ;  New  Brunsurick :  St  John,  xvi,  135 ; 
Nova  Scotia :  Halifax,  xvi,  135 ;  New  Glasgow,  xvi,  135 ; 
Russia :  Lake  Onega ;  Petrozavodsk,  xvi,  354 ;  Sweden  :  ex- 
periments at  works  in,  xx,  114. 

Isabella  blast-furnaces,  Etna,  Pa.,  visit  to,  xix,  xocv, 

Isabella  furnace,  Pittsburgh,  Pa.,  xvii  [150] ;  xix,  934;  xx  [255],273. 

Isabella  Furnace  Works,  Coketon,  Westmoreland  county.  Pa.,  xvi, 
545. 

Isle  Royale  copper-mines.  Lake  Superior,  Mich.,  xix,  683. 

Isochemic  lines,  a  study  in,  xvii,  616. 

Itacolumite  in  Hiawassee  Valley,  xvi,  846,  851. 

Ithaca,  Tompkins  county,  N,  Y.,  gas-well,  xvi,  941,  951. 

Ivanhoe  blast-furnace,  Wythe  county,  Va.,  xix,  986. 

Ives,  James  'I\  B.  :  Method  of  Constructing  Strata-Maps  to  Represent 
Stratification  or  Bedding,  xvi  [xxrnn],  768 ;  An  Occurrence  of  Cop- 
per-Olance,  North  of  Lake  Huron,  with  Notes  on  the  Structure  of 
this  Locality,  xviii  [xx],  72.  * 


98  TBANS.   AM.   INSTITUTB  OF  MINING   ENGINEEBS. 

Jackson  coal-mine,  Sullivan  county,  Pa,  xvii,  616. 

Jackson  iron-mine,  Marquette  county,  Mich.,  xvi,  173 ;  xvii,  717, 

Jackson,  Prof.  Wendell,  microscopic  examination  of  porphyry  of 
Aspen  Mountain,  Colo.^  xvii,  168. 

Ja(X)bus,  D.  S.  :  The  Efficiency  of  a  Steam-Boiler  Udng  the  Waste-Gas 
of  a  Blast-Furnace  as  fuel  xvii  [xa?/i],  50 :  Latest  Devdopments  in 
Compressed  Air  Motors  for  Tramways,  xix  [ix],  553  :  Water-Oas 
as  a  Steam-Boiler  Fuel,  xvii  \xxm\,  300 ;  remarks  in  discussion 
of  Mr.  Keep's  paper  on  Aluminum  and  other  metals  compared, 
xviii,  834. 

Jagger  coal-bed.,  Ala.,  xvii,  221. 

Jamme,  George,  remarks  in  discussion  of  Mr.  Gordon's  paper  on 
large  furnaces  on  Alabama  material,  xvii,  141. 

Jasper,  its  influence  on  the  phosphorus-content  of  ore  in  Luding- 
ton  mine,  Mich.,  xvii,  625. 

Jayville  iron-mines,  St.  Lawrence  county,  N.  Y.,  xvii  [747]. 

Jebel-Melah  salt-mine,  Algeria,  xvii  [110]. 

Jefferson  coal-mine,  Ala.,  xvii,  214. 

Jefferson  county,  Ala. :  coal-mines,  xvii,  210  et  seq, ;  xix,  298 ; 
coal  production,  1887,  xvii,  207,  210  et  seq. 

Jefferson  county,  N.  Y.  :  iron  district,  xvii  [745],  747;  natural 
gas,  xvi,  957. 

Jeffrey  asbestos-mine,  Danville,  Quebec,  Can.,  xviii,  327. 

Jfe-Hol,  China,  silver-lead  mining  district,  xix,  685. 

Jellico  cannel  coal-mine,  Campbell  county,  Tenn.,  xviii,  438. 

Jenckes  Manufacturing  Co.,  Sherbrooke,  Can.,  xviii  [286]. 

Jenny  on  structure  of  tin-bearing  veins.  Black  Hills,  S.  Dak.,  xvii 
[590]. 

Je-Shui,  China,  gold-district,  xix,  594. 

Jesse  silver-mine.  Aspen,  Col!,  xvii  [171]. 

Jigging :  assays  of  products,  xvii,  671 ;  English  system  t?cr««  Con- 
tinental, xvii,  637;  in  Lake  Superior  copper-mills,  xvii,  637, 
640,  670 ;  speed,  ore-bedding  and  water  used  in,  xviii,  261 ; 
in  St.  Joseph  Lead  Co.'s  dressing-works,  xvii,  637,  654,  659 
et  seq. ;  velocities  of  particles  calculated  by  Rittinger's  formula, 
xviii,  647. 

Jigs  :  Conkling,  for  concentrating  ores,  xvi,  609 ;  for  coal-washing 
at  Drifton,  Pa.,  xix,  420;  Hartz,  xvii,  662,  674;  xviii,  257  et 
seq, ;  Liihrig,  xx  [617]  ;  Parsons,  xvii,  661,  662,  669. 

Jig-sieves,  the  effect  of  size  of  mesh  on  the  jigging  process,  xvii, 
652,  658. 

Joab  Lawrence  silver-lead-mine.  Little  Cottonwood  Cafion,  Salt 
Lake  county,  Utah,  xvi  [5,  13]. 

Jo  Bowers  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi,  11. 
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Joggings  cokl-field,  N.  S.,  xvi  [139], 

Johnson  :  filter-prees,  xx,  11 ;  method  of  connecting  rubber-hose 
with  gas-pipe  nipples,  xx,  14. 

JoHNson,  Guy  R.  :  Methods  of  Working  and  Surveying  the  Mines  of  the 
L(mgdale  Iron  Company^  VirginicL,  xx  [Zm'u],  9(>. 

Johnson,  J.  E.,  remarks  in  discussion  of  American  blast-furnace 
practice,  xx,  265. 

Johnson's  gold-mine,  Victoria,  Australia,  xx,  506. 

Jolict  Steel  Works*,  Joliet,  111.,  xx,  256. 

Jones,  Clemens:  The  Magnetization  of  Iron-Ore,  xix  [vii],  289; 
Phosphorus  in  Pig-iron^  Steel  and  Iron-Ores,  xviii  [xlvii],  705; 
A  Rapid  Method  for  the  Redu-dion  of  Ferric  Sulphate  in  Volu- 
metric AnaiysiSf  xvii  [xlii],  411;  SUica  Determinations  in  Blast- 
Fumace  Cinder,  xvi  [jxocv],  89 ;  remarks  in  discussion  of  mag- 
netic concentration  of  iron-ore,  xx,  593. 

Jones  iron-mine,  Berks  county.  Pa.,  xvii,  744. 

Jones,  T.  D.,  remarks  in  discussion  of  Mr.  Norris's  paper  on  cen- 
trifugal ventilators,  xx,  671. 

Jones,  William  R.,  biographical  notice  of,  xviii  [xxv],  621. 

Jordan  gas-weils,  Wirt  township,  Allegany  county,  N.  Y.,  xvi,  934, 
936. 

Jordan,  James  B.,  method  of  making  models,  xvi,  285. 

Jordan  silver-lead-mine,  Bingham  Canon, Salt  Lake  county,  Utah, 
xvi,  11  [26]. 

Joseph's  Coat  Springs,  Yellowstone  Park,  occurrence  of  scorodite 
in,  xvi,  801. 

Juab  county,  Utah  :  output  of  ores,  xvi,  4 ;  silver-lead-mines,  xvi,  9. 

Julian,  Frank  :  A  Method  for  the  Estimaiion  of  Manganese  in  Steely 
xvi  [oDxxvi]^  355. 

Julian  Lane  silver-mine.  Mono  district,  Juab  county,  Utah,  xvi,  11. 

Julien  electrical  accumulator,  xviii,  349  et  seq, 

Junin,  plateau  of,  Peru,  xvi,  731. 

Jupiter  furnace,  St.  Louis,  Mo.,  xx,  257. 

Juragua  iron-mines,  Cuba,  xix  [291]. 

Jurassic  formation:  Black  Hills,  S.  Dak.,  xvii  [571];  Honduras, 
C.  A.,  xvii  [438] ;  Maryland,  xvii  [464]. 

Jura-trias  red  sandstone,  Colo.,  xvii,  376. 

Kai-Ping  coal  deposits,  China,  xix,  571. 

Kaiping  coal-field.  North  China,  xvi,  96. 

Kaiping  OoalrMine,  North  China  (Silliman  and  Kwang),  xvi  [pcxv], 

95. 
Kakagon  iron-mine,  Gogebic  range.  Wis.,  xvi  [186],  187 ;  xvii 

[719]. 
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Kamloops  coal-mine,  British  Columbia,  xviii,  315. 

Kanawah  salt-wells,  W.  Va.,  xvii  [110], 

Kansas :  coal  production  in  1887-88,  xviii,  124 ;  Logan  county ; 
Russel  Springs,  nickel-ore,  xvii,  636. 

Kansas  City  Coal  and  Coke  Co.,  Carbon  Hill,  Walker  county,  Ala., 
xvii,  210,  220. 

Kaolin  :  analyses,  xviii,  406;  in  Ouray  county,  Colo.,  xviii,  141. 

Katahdin  Iron  Works,  Piscataquis  county,  Me.,  ore-roasters,  xviii, 
304. 

Kearsarge  copper-mine.  Lake  Superior,  Mich,  xix,  684. 

Kebler,  E.  A.,  analysis  of  iron,  xvii,  700. 

Kedzie,  G.  E.  :  The  Bedded  Ore-Deposits  of  Red  Mountain  Mining 
District,  Ouray  County,  Colorado,  xvi  [xxxm],  570. 

Keene  iron-mine,  Jefferson  county,  N.  Y.,  xvii  [747]. 

•*  Keep's  tests,"  xvii  [267,  474,  686]  ;  xviii  [108,  460],  798,  813. 

Keep,  W.J. :  Aluminum  in  Cast-Iron,  xviii  [xz],  102;  Aluminum 
and  Other  Metals  Compared,  xviii  [xZ?;i],  798 ;  Aluminum  in 
Wrought-Iron  and  Steel  Castings,  xviii  [pdvi],  835  ;  Manganese  in 
Cast-iron,  xx  [Ivii],  291 ;  Phosphorus  in  Cast-iron,  xviii  [aacr], 
458 ;  remarks  in  discussion  of  Prof.  Langley's  paper  on  alu- 
minum in  steel  ingots,  xx,  241 ;  on  the  influence  of  aluminum 
on  cast-iron,  xvii  [473]. 

Keep,  W.  J.,  Fleming,  H.  S.,  and  Orton,  Edward,  Jr.  :  SiUcon  in 
Cast' Iron,  xvii  [xlit],  683. 

Keep,  W.  J.,  and  Orton,  Edward,  Jr.  :  Ferro-SiUcon  and  the  Econ- 
omy of  its  Use,  xvii  [cK«;f],  263. 

Kelly,  William:  Sinking  Throtigh  Wet  Gravel  and  Quicksand  near 
Norway,  Mich.,  xx  [Iviit],  188. 

Kennedy,  Hugh,  remarks  in  discussion  of  American  blast-furnace 
practice,  xx,  265, 268,  273. 

Kennedy,  Julian  :  remarks  in  discussion  of  American  blast-fur- 
nace practice,  xx,  267, 274 ;  of  Mr.  Gayley's  paper  on  American 
blast-furnaces,  xix,  977 ;  of  Mr.  Keep's  paper  on  manganese 
in  cast-iron,  xx,  315.  s 

Kentucky :  asphaltic  sands,  xviii  [578,  582] ;  cannel-coal,  xviii, 
436  ;  coals  and  cokes  in  western,  xvi,  581 ;  coal-production  in 
1887-88,  xviii,  124  ;  iron  from  lean  ores  used  as  "  softeners," 
xvii,  254 ;  tar-springs,  xvii  [358], 

Kent,  William  :  remarks  in  discussion  of  Mr.  Gayley-s  paper  on 
American  blast-furnaces,  xix,  981?;  of  Mr.  Hunt's  paper  on 
tests  of  structural  wrought-iron  and  steel,  xx,  700 ;  of  mag- 
netic concentration  of  iron-ore,  xx,  581,  586. 

Kenzie  silver-mine,  Juab  county,  Utah,  xvi  [10]. 

Kerl  on  tin-assaying,  xviii,  11,  15. 
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Kessler  silver-lead-mine,  Big Cotto wood  Cafion,  Salt  Lake  county, 
Utah,  xvi  [13]. 

Keweenaw  copper-district,  Lake  Superior,  xix,  681. 

Keystone  blast-furnace,  Birdsboro,  Pa.,  xviii,  427. 

Keystone  Bridge  Works,  Pittsburgh,  Pa.,  visit  to,  xix,  xxv. 

Kiddie  on  use  of  platinum  ware  in  electrolytic  assays,  xvii,  410. 

Kilns :  for  calcining  paint-ore  at  Lehigh  Gap,  Carbon  county.  Pa., 
xix,  328 ;  fired  with  gas,  xviii,  880  :  Gjers,  xviii,  78,  8*6,  305 
etseq.;  for  roasting  silver-ore  at  Chinese  mines,  xx,  93  ;  West- 
man,  xviii,  304. 

Kinge^o^,  versus  the  Amy  and  Silversmith  Mining  Co.,  xvii,  787. 

King  Brothers'  asbestos-mine,  Thetford,  Quebec,  Can.,  xviii,  326. 

King,  Prof.  F.  H.,  method  of  making  models,  xvi.  283,  296. 

Kings  county,  Nova  Scotia,  bog  iron-ore,  xviii,  200. 

Kinnaird's  Cove  coal-mine  (outcrop),  Marion  county,  Tenn.,  xvii 

[47]. 

KiRCHKOFF,  Charles,  remarks  in  discussion  of  Mr.  Austin's  paper 
on  matting  dry  auriferous  silver-ores,  xvi,  266. 

Kirkaldy,  on  testing  structural  wrought-iron  and  steel,  xx,  683 
et  aeq.,  723. 

Kirkland  blast-furnace,  Oneida  county,  N.  Y.,  xvii  [748]. 

Kishpaugh  iron-mine,  Warren  county,  N.  J.,  xx  [221]. 

KitchelL  Dr.  William,  report  on  the  iron-mines  of  New  Jersey, 
XX,  217. 

KiTSON,  Sir  James  :  British  CorUrihiUion  to  the  Metallurgy  of  Iron 
and  Steely  address  at  the  Pittsburgh  International  Sessions, 
Oct.,  1890,  xix  [pcx]y  807  ;  The  Presentation  of  the  Bessemer  Medal, 
adddress  at  presentation  of  medal  to  Hon.  A.  S.  Hewitt,  xix 
[aaKci],515. 

Kittanning  coal-bed,  Clearfield  county,  Pa.,  xvi  [539],  542  et  seq, 

Klinger,  Plumber  and  Moran  oil-wells,  Bolivar  township,  Alle- 
gany county,  N.  Y.,  xvi,  932. 

Knapp,  George  F.  :  remarks  in  discussion  of  magnetic  concen- 
tration of  iron-ore,  xx,  683. 

Knowersville  gas-well,  Albany  county,  N.  Y.,  xvi,  951. 

Knowles  pumps,  xx,  8  et  seq.j  188  et  seq. 

Knowlton  copper-mine,  Lake  Superior,  Mich,  xix,  702. 

Knox  farm,  Wirt  township,  Allegany  county,  N.  Y.,  oil-  and 
gas-wells,  xvi,  936. 

Knox  gas-well.  Finch  farm,  Albany  county,  N.  Y.,  xvi,  953* 

Knoxville  silver-mine,  Cochise  county,  Atiz.,  xvii,  767  et  seq.;  xviii, 
910. 

Koch  on  bacillus  in  water,  xvii,  346. 

Ko.cH,  Walter  £.,  remarks  in  discussion  of  Mr.  Hunt's  paper  on 
tests  of  structural  wrought-iron  and  steel,  xx,  713. 
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Koepe  system  of  winding  from  shafts,  xvii,  429. 

Koerting:  plunger-pumps,  xx,  9  ei  acq. ;  steam-jet  ventilator,  xx 

[41]. 
Kohinoor  colliery,  Shenandoah  City,  Pa.,  xvi,  307. 

Kong  Loon  Kongsi  tin-mine,  Malay  Peninsula,  xx,  66. 

Kongsberg,  Norway,  value  of  ores  treated  by  pyritic  smelting, 
xvi,  263. 

Korea,  gold-mining  and  milling  in,  xviii,  363. 

Kotta  Ranah  tin-mines,  Siak  district,  Sumatra,  xx,  55  et  seq. 

Kraut  on  volatility  of  gold,  xvii  [3,  7]. 

Krohm,  Prof.  R.,  on  tests  for  structural  steel,  xx  [723,  724]. 

Krom  steel-rolls,  xx  [152.  590]. 

Kunhardt  and  Maynard  on  iron-ore  concentration  at  Lyon  Moun- 
tain, N,  Y.,  xvii  [732,  734]. 

Kunhardt,  W.  B. :  map  of  U.  S.  coal  and  iron-ore  regions,  xix,  483 ; 
report  on  Croton  iron-mines,  xx  [596,  603]. 

Ku-Shan-Tzu,  China,  silver-lead  mines,  xix,  585,  588. 

Kiistel  on  loss  of  gold  by  volatilization,  xvii,  5,  9. 

Kwang,  Kwong  Yung,  report  on  Kaiping  coal-mine,  North  China, 
xvi,  95. 

Kyler  coal-mine,  Clearfield  county,  Pa.,  xvi,  543. 

Labar  gas-well,  Wirt  township,  Allegany  county,  N.  Y.,  xvi,  934, 
936. 

La  Belle  Steel  Works,  Pittsburgh,  Pa.,  visit  to,  xix,  xziv. 

Labor :  cost  of,  in  Sequachie  Valley,  Tenn.,  xvii,  49 ;  in  Euro- 
pean and  American  Bessemer  works,  xix,  1135 ;  number  of 
men  required  to  operate  apparatus  for  handling  ingots  and 
moulds  in  Bessemer  steel-works,  xx,  356. 

Labor  and  iron  (address  of  Hon.  A.  S.  Hewitt),  xix,  475. 

Labor  and  wages  in  the  Black  Hills,  S.  Dak.,  xvii,  532. 

La  Bourboule,  France,  arsenical  waters  of,  xvi,  802. 

Lackawanna  Iron  and  Coal  Co.,  Scran  ton.  Pa.,  xvii,  606,  731; 
blast-furnaces,  amount  of  concentrates  consumed  in,  xx,  585. 

Lackawanna  Iron  and  Steel  Co.,  Seranton,  Pa.,  rolling-mills,  xx, 
620. 

Laccolites  in  the  Black  Hills,  S.  Dak.,  xvii  [571,  572]. 

Ladders  in  silver-mines,  Mongolia,  China,  xx,  91. 

Lady  Alice  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  167. 

Lady  Ensley  Coal,  Iron  and  Railroad  Co.,  SheflSeld,  Ala.,  xx,  270. 

La  Grange,  Steuben  county,  N.  Y.,  natural  gas,  xvi  [910]. 

Lake  Angeline  iron-mine,  Marquette  county,  Mich.,  xvi,  174;  xvii, 
717  [753]. 

Lake  City  mining  district,  San  Juan  county,  Colo.,  xviii  [140]. 
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Lake  Champlain  iron  region,  N.  Y.,  xvii,  721  et  seq,  [645],  746; 

production,  xviii,  747. 
Lake  county,  Colo.,  iron-resources  of,  xviii,  270. 
Lake  Erie,  pre-glacial  valley  of,  xvii,  322. 
Lake  Hanbury  slate  group,  Menominee  range,  Mich.,  xvi,  525. 
Lake  Park  Bathing  Resort,  Utah,  excursion  to,  xvi,  xxii. 
Lakes,  Prof.,  on  the  geology  of  Aspen  mining  region,  Colo.,  xvii, 

165  et  8€q. 
Lake  Superior:  Chapin  iron-mine,  Menominee  range,  xvi,  119; 

copper-mines,  xvi,  189;  iron-region  and  ores,  xvii,  716  et  seq,; 

xix,  59,   484;  precious  inetah,  xvi,   191;    resources  of,  xvi, 

168 ;  suggestions  for  development  of  iron  and  other  industries, 

xvi,  195. 
Lake  Superior  iron-mine,  Marquette  county,  Mich,  xvi,  173:  xvii, 

717. 
Lake  Valley,  Dofta  Aiia  county,  N.  M. :  experiments  in  trough- 

lixiviation,  xvi,  392;  silver-mines,  xvi,  373. 
Lancaster  county,  S.  C,  Haile  gold-mine,  xvii,  314  et  aeq. ;  xix, 

595,  601. 
Landis,  E.  K.  :  The  Determination  of  Iron  in  the  Tails  from  Magnetic 

Concentration,  xx  [hit],  609;  Note  on  Sampling  Iron-Ore^  xx 

[Ixii],  611 ;  remarks  in'discussion  of  magnetic  concentration  of 

iron-ore,  xx,  582 :  analyses  of  Croton  iron-ores,  xvii,  737,  744 ; 

microscopic  examination  of  crushed  ore,  xvii,  735. 
Langdon  iron-mine,  Morris  county,  N.  J.,  xx  [221]. 
Langdon,  N.  M.  :  The  Use  of  Magnetic  Concentrates  in  the  Port  Henry 

BlofA'FurnaceSy  xx  [^t],  599 ;  remarks  in  discussion  of  mag- 
netic concentration  of  iron-ore,  xx,  683,  584. 
Langford  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  184. 
Lang,  Herbert  :  Cord-  Wood  in  the  Malting  Blast-Furnace,  xx  [fcciv], 

545. 
liANGLEY,  John  W.  :  Aluminum  in  Steel  Ingots,  xx  [it?it],  233 ;  Inter' 

naiionai  Standards  for  the  Analysis  of  Iron  and  Steel,  xix  [xxiii], 

614 ;  XX  [Ivii],  242 ;  remarks  in  discussion  of  Mr.  Keep's  paper 

on  manganese  in  cast-iron,  xx,  315  ;  of  Mr.  Wood's  paper  on 

electric  welding  and  metal-working,  xx,  252. 
Langley,  John  W  ,  Hunt,  Alfred  E.,  and  Hall,  Charles  M.  : 

The  Properties  of  Aluminumy  With  Soms  Information  RekUing  to  the 

Metal  J  xviii  [xxxi],  528  (see  Errata,  913). 
Lanning  iron-mine,  Warren  county,  N.  J.,  xx  [222]. 
L'Anse,  Keweenaw  Bay,  Mich.,  shipping-port  for  iron-ores,  xvi, 

172. 
Lanseirs  "  180  "  gold-mine,  Victoria,  Australia,  xx,  475,  495. 
LanseU's  "  222  "  gold-mine,  Victoria,  Australia,  xx,  490. 
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La  Plata  dd  Libano  Mines,  Department  of  Tolima,  Republic  of  Oolomr 
May  South  America  (Pierce),  xvi  [axcrw*],  301. 

Large  Furnaces  on  Alabama  Material  (Gordon),  xvii  [xix,  xxvit],  135. 

La  Rica  gold-mine,  Colombia,  S.  A.,  xviii,  211. 

Larsson,  Per,  The  Chapin  Iron-Mine^  Lake  Superior y  xvi  [xrw»],  119. 

La  Salle  silver-mine,  Aspen,  Colo.,  xvii,  171  ei  seq. 

Lash  open-hearth  furnace,  xvi,  697. 

Las  Minas  gold-mine.  Vera  Cruz,  Mexico,  xvii  [10]. 

Las  Planchas  silver-district,  Sonora,  Mexico,  xx,  740. 

Last  Chance  silver-lead-mine^  Bingham  Canon,  Salt  Lake  county, 
Utah,  xvi,  12. 

Last  Scheme  silver-mine,  Aspen,  Pitkin  county,  Colo.,  xvii,  167. 

Late  Acquisition  silver-mine,  Aspen,  Pitkin  county,  Colo.,  xvii, 
178. 

Latest  Development  in  Compressed-Air  Motors  for  Traniways  (Jacobus), 
xix  [ix\  563. 

Lauderdale  county.  Miss.,. carbonate  iron-ore,  xvi,  146. 

Launders :  in  front  of  precipitating-^nks,  xx,  7 ;  for  solution  in 
front  of  ore-tanks,  xx,  5. 

Laurentian  formation  in  Ontario,  Can.,  xvii,  294. 

Laurentian  rocks  in  the  United  States,  xix,  6. 

Lavagnino,  G.,  The  Old  Telegraph  Mine^' Utah,  xvi  [xvii],  25. 

La  Victorina  silver-mine,  Honduras,  C.  A.,  xx,  402. 

Law,  mining :  of  New  York,  xvi,  770 ;  of  United  States,  xviii, 
182,881.  , 

Lawrence  cotton-mills,  Mass.,  visit  to,  xvi,  xxzvii, 

Lawrence  county,  8.  Dak.,  stamp-mills,  xvii,  498. 

Lawrence  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-well, 
xvi,  936. 

Lawyer  and  Fristol,  analysis  of  gilsonite,  xvii,  114. 

Lazarus  gold-mine,  Victoria,  Australia,  xx,  492. 

Leaching  (see  lixiviation) :  with  hyposulphite  of  soda  at  Old 
Telegraph  Mine,  Utah,  xvi,  29 ;  silver-sulphate,  Ziervogel  pro- 
cess for,  xviii,  66 ;  theory  of  deposition  of  ore,  xvii,  445,  448. 

Lead :  alloys,  physical  tests  of,  xviii,  820 ;  antimony,  mercury 
and,  for  electrical  accumulators,  xviii,  350;  dressing-works, 
Bonne  Terre,  Mo.,  xvii,  564,  659  ;  early  use  of,  in  Colorado 
smelting-practice,  xviii,  56;  effect  of  chlorine  on,  at  cherry- 
red  heat,  xvii,  36  ^  fumes,  bag-process  for  collecting,  xviii,  674; 
objections  to,  in  matte,  xviii,  65;  in  Ontario,  Can.,  xvii  [294]  ; 
physical  tests  of,  xviii,  818  ;  in  Red  Mountain  district,  Ouray 
county,  Colo.,  xvi,  580;  smelting  products,  analysis  of,  xviii, 
685  et  seq.;  test-cylinders  of,  for  experiments  with  explosives, 
xviii,  517. 
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Lead-furnaces  (see  also  furnaces  and  smelting) :  capacity  of,  xviii, 

60 ;  Missouri :  Jasper  county,  Lone  Elm  Works,  xviii,  674. 
Lread-mines  (see  also  silver-lead  mines)  :  Missouri :  Jasper  county, 

Birch  Diggings,  xviii,  677 ;  Lower  JopUn  Valley   Diggings, 

xviii,  676;  Oronogo,  xviii,  676 ;  Stevens's  Diggings,  xviii,  676; 

Swindle  Diggings,  xviii,  676 ;  Temple  Diggings,  xviii,  676 ; 

Newton  county,  Eastpoint,  xviii,  676  ;   Granby,  Holman's 

Diggings,  xviii,  676,  677 :  Trent  Diggings,  xviii,  676 ;  Village 

Diggings,  xviii,  676. 
Lead-ores :  analyses,  xviii,  173,  676,  677 ;  concentration  of^  at 

Desloge  Lead  Co. 's  old  mill,  Bonne  Terre,  Mo.,  xviii,  263; 

growing  scarcity  of  Mexican,  in  the  West,  xx,  15 ;  in  Nova 

Scotia,  xviii,  203 ;  in  Red  Mountain,  Colo.,  xviii,  140  et  seq. ; 

in  Africa,  Transvaal,  xviii,  347. 
Lead-poisoning  by  small  quantity  of  lead  in  water,  xvii,  346. 
Lead-silver-mines  (see  silver-lead-mines). 
Lead-silver  ores  in  Black  Hills,  S.  Dak.,  xvii,  582. 
Lead-smelting,  perfection  of,  in  the  West,  xx,  15. 
Leadville  and  Black  Hills  ore-deposits  compared,  xvii,  586. 
Leadville,  Colo.:  concentration  practice  at,  xviii,  262;  genesis  of 

ore-deposita,  xvi,  805 ;  geology  and  ore-deposits  of  Iron  Hill, 

xviii,  145. 
Lead- v/orks  :    Missouri :    St.  Francis    county ;    Bonne    Terre ; 

Desloge,  xviii,  263 ;    St,  Joseph,  xvii  [564,  637],  650  et  seq. ; 

xviii,  263. 
Lead-zinc  deposit  at  Tung  Chi-Lung,  China,  xix,  575. 
Lebasteur,  on  testing  structural  steel,  xx  [723]. 
Legkie,  R.  6.,  remarks  in  discussion  of  Mr.  EUs's  paper  on  mining 

industries  of  Quebec,  xviii,  333. 
Le  Comte,  Joseph,  on  deposition  of  ore  by  leaching,  xvii,  445. 
Ledebur  on  decomposition  of  pyrites  by  heat,  xviii,  80. 
Lcdoux  &  Co.,:   analyses  of  Croton  magnetic  iron-ore,  xx,  115  ; 

of  slag  at  Croton  iron-mine,  xx,  120. 
Ledyard,  T.  D.  :  Some  Ontario  Magnetites,  xix  [x],  28 ;  xx  [Ivit],  173. 
Leeds  stamp-mill,  Silver  Reef,  Washington  county,  Utah,  xvi, 

382  et  seq. 
Lee  iron-mine,  Vermilion  district,  Minn.,  xvi,  182. 
Lee,  R,  W.,  remarks  in  discussion  of  American  blast-furnace 

practice,  xx,  269. 
Leggat,  John  A. :  address  of  welcome  at  Butte  City,  Mont.,  xvi) 

xviii;  remarks  in  discussion  of  Mr.  Emmons's  paper  on  the 

geology  of  Butte,  Montana,  xvi,  59. 
Legoett,  Thomas  H.  :   Notes  on  the  Rosario  Mine  ai  San  Juancito, 

Honduras^  C,  A.,  xvii  [xxinj,  432. 
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Legrand  on  boiling  point  of  saline  solutions,  xvii,  453,  note. 

Lehigh  coal-mine,  Choctaw  coal-fields,  Indian  Territory,  xviii, 
667. 

Lehigh  Gap,  Carbon  county.  Pa.,  paint-ore  mines,  xix,  321. 

Lehigh  mining-region,  miners'  strike  of  1<S88,  xviii  [128]. 

Lehigh  Valley  Coal  Co.,  ventilating-fans  in  coal-mines,  xx,  655. 

Lehigh  and  Wilkes-Barre  Coal  Co.,  Wilkes-Barre,  Pa,,  ventilating- 
fans ;  at  HoUenback  colliery,  xx,  653;  at  Stanton  colliery,  xx, 
650. 

Lend,  Austria,  value  of  ores  treated  by  pyritic  smelting,  xvi,  263. 

Lesker,  Jordan  &  Co.,  oil-well,  Allegany  county,  N.  Y.,  xvi,  934. 

Lesley,  J.  P. :  Biographical  Notice  of  Charles  A.  Ashburner^  xviii 
[xxx],  365;  method  of  making  models,  xvi,  283,  295. 

Level's  method  of  tin-assay,  xviii,  28. 

Lewis  and  Bartiett  Bag-Process  of  Collecting  Lead^Fames  at  the  Lone 
Elm  Works,  Joplin,  Missouri  (Dewey),  xviii  [pdvit],  674. 

Lexington  silver-mine  and  mill,  Butte,  Silver  Bow  county,  Mont., 
xvi,  38  et  seq.j  54,  62  et  seq,,  372;  xvii,  11  ;  visit  to,  xvi,  oaciL 

Libano  gold-mines,  Colombia,  S.  A.,  xviii,  211. 

Life-History  of  Niagara  (Pohlman),  xvii  [rexp],  322. 

Lighting  the  New  Croton  Aqueduct,  New  York,  during  construc- 
tion, xix,  721. 

Lignite  (see  also  coal)  :  analyses,  xviii,  314,  315 :  in  Crimson  and 
Wasatch  mines,  Coalville,  Utah,  xvi,  357 ;  in  northwestern 
Colorado,  xvii,  377 ;  in  Ontario,  Can  ,  xvii  [294]  ;  at  Petite 
Anse  Island,  La.,  xvii  [107]. 

Lime:  added  to  briquettes  in  Imperatori  process,  xx,  116;  ex- 
ceptionally pure,  from  eastern  Quebec,  xviii,  329. 

Lime  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  162  etseq. 

Limestone :  analyses  of,  xvi,  576 ;  xvii,  153, 774 ;  at  Aspen  Moun- 
tain, Colo.,  xvii,  163  et  seq. ;  asphaltic,  xviii,  579 ;  in  eastern 
Quebec,  Can.,  xviii,  317,  329 ;  in  Greenbrier  county.  West 
Virginia,  xvii,  118  et  seq.;  in  Lake  county,  Colo.,  xviii,  154; 
in  Menominee  range,  Mich  ,  xvi,  525  et  seq. ;  in  Pictou  county, 
N.  S.,  xvi  [139]  ;  xviii,  202  ;  Ontario,  Can.,  xvii  [294],  298. 

Limonite  (see  Hematite):  in  Hiawassee  Valley,  xvi  [843,  8471; 
magnetized  by  heat,  xix  [292]  ;  in  New  York,  xvii  [745,749]: 
in  Pictou  county,  N.  S.,  xvi  [139] ;  in  Rosario  mine,  Honduras, 
xvii  [442]. 

Lincoln  mining  district,  Beaver  county,  Utah,  xvi  [9]. 

Linden  Steel  Co.,  Pittsburgh,  Pa.,  visit  to  works,  xix,  xxir. 

Lindley,  Douglas,  experiments  in  oxidizing-roasting  of  Murchie 
pyrite,  xvii,  6. 

Linkenbach  slime-bundle,  xviii  [257,  259]. 
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List  of  Oomviercial  Pho&phates  (Adams),  xviii  [xxw],  649. 

Lithium  associated  with  tin  in  Black  Hills,  S.  Dak.,  xvii  [593]. 

Lithographic  stone  in  Ontario,  Can.,  xvii  [294]. 

Little  Annie  gold-mine,  San  Juan  district,  Rio  Grande  county, 
Colo.,  xviii,  448. 

Little  Cottonwood  Canon,  Salt  Lake  county,  Utah,  silver-lead- 
mines,  xvi  [3]. 

Little  Daisy  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  165. 

Little  River,  concentrates  of  iron-ore,  xx,  585. 

Little  Stray  Horse  Gulch,  Leadville,  Colo.,  xviii,  146. 

Live  Pine  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  12. 

Live  Yankee  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  12. 

Lixiviation-plant,  construction  of  details  for,  xx,  3. 

Lixiviation :  refining  of  sulphides  obtained  in,  xx,  37  ;  of  silver- 
ores  by  Russell  process,  xvi,  362 ;  trough  lixiviation,  xvi,  662. 

Llewellyn,  N.  J.,  session  of  Institute  at  Edison  laboratory,  xvii, 
Qcxxi, 

Loch  Lomond  iron-mine.  Nova  Scotia,  xviii  [202]. 

Locked-wire  rope,  use  of,  xx,  766  et  seq, 

Locke  fall-rope  carrier,  xx,  767. 

Locke,  Joseph  M.  :  GHUonUe  or  UintahiUy  a  New  Variety  of  Asphal- 
turn  from  the  Uintah  Mountains^  Utah,  xvi  [xviii],  162. 

Locomotive,  electric  mine,  xix,  264,  279;  xx,  357  et  aeq. 

Locomotive  ladle-crane,  xix,  528. 

Lode  mining-claim,  rights  of  owner  of,  xviii,  881. 

Lode-theory  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queens- 
land, XX,  144. 

Lodge,  Richard  W.,  and  Richards,  R.  H.  :  Experiments  lllvstratvng 
the  Descent  of  the  Charge  in  an  Iron  Blast-Furnace,  xvi  [aait?],  149. 

Logan  county,  Kan.,  nickel-ore,  xvii,  636. 

Logan  Iron  and  Steel  Co.,  Lewistown,  Mifflin  county.  Pa.,  xx,  269. 

London,  Ontario,  Can.,  iron-works,  xvi,  135. 

London  silver-lead-mine,  Park  county,  Colo.,  xviii,  262. 

Lone  Elm  Furnace,  analyses  of  smelting-products,  xviii,  685  et  seq. 

Long  &  Co.,  coalmines,  Cordova,  Walker  county,  Ala.,  xvii,  210. 

Londonderry,  Nova  Scotia,  iron-mines  and  works,  xvi,  135. 

Longdale  furnace,  Alleghany  county,  Va.,  xvii  [124]. 

Longdale  Iron  Co.,  Alleghany  county,  Va.,  xvii  [103] ;  xx,  96. 

Longdale  iron-mine,  Alleghany  county,  Va.,  xix,  1019 ;  system  of 
mining  at,  xvi,  863. 

Longfellow  copper-mine,  Clifton  district,  Ariz.,  lix,  681,  689. 

LfOng  Island  magnetic  sands,  xvii,  785,  737. 
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Long-wall  method  of  mining,  Danville  iron-mines,  Montour 
county,  Pa.,  xx,  378. 

Lookout  Mountain,  Tenn.,  incline  railway  at,  xvi^  203. 

LooMis,  Burdett:  Fud-Oas  and  S(mu  of  Ua  Applications^  xix  [xzscu], 
995. 

Lord,  Prof.  N.  W.,  analysis  of  ferro-silicon,  xvii,  255. 

Los  Angeles  Mining  and' Smelting  Co.,  gold-  and  silver-mines, 
Honduras,  C.  A.,  xx,  395. 

Los  Chanchos  silver-mine,  Honduras,  C.  A.,  xx,  405. 

Losses :  by  avalanches,  xviii,  583 ;  in  vanning  tellurides,  xviii, 
441,  446;  in  chloridizing  gold,  xviii,  600 ;  of  gold  in  chlori- 
dizing-roasting,  xvii,  10  et  seq. ;  of  heat,  in  gasifying  coal,  x\dii, 
615,  859  ;  of  iron  in  Imperatori  process,  xx,  126 ;  of  lead  and 
silver  at  the  Germania  Smelting  Works,  Utah,  xvi,  20 ;  of  mer- 
cury in  Black  Hills  stamp-mills,  xvii,  530 ;  in  ore-concentra- 
tion at  Leadville,  Colo.,  xviii,  262 ;  in  ore-dressing  at  Bonne 
Terre,  Mo.,  and  at  Lake  Superior,  xvii,  676 ;  of  silver,  in  mill- 
ing, xvii,  250  et  seq, ;  of  silver,  in  slimes,  xviii,  250,  251 ;  by 
volatilization  in  matting  dry  auriferous  silver-ores,  xvi,  264. 

Losses  in  Roasting  Gold- Ores  and  the  VoUuUity  of  Gold  (Christy), 
xvii  [xxti],  3. 

Lo-To-Po-Tzu,  China,  silver-lead-mines,  xix,  685. 

Louis,  Henry  :  Chinese  System  of  Gold-Milling^  xx  [te't?],  324. 

Louisiana,  hianufacture  and  consumption  of  phosphoric  acid  fer- 
tilizer, xvii,  85. 

Louisville  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  146 
et  seq,,  450. 

Lovell  and  Willett  farm,  Clarksville  township,  Allegany  county, 
N.  Y.,  gas-well,  xvi,  936. 

Lover's  Hole  iron -mine,  Essex  county,  N.  Y,,  xviii,  753. 

Lovett- Finney  ore-separator,  xx  [590]. 

Lov/,  A.  H.,  analysis  of  silver-ore,  xvii,  769. 

Lowell  silver-mine,  Uintah  district.  Summit  county,  Utah, 
xvi,  15. 

Lower  geyser  basin,  Yellowstone  Park,  xvii,  547  et  seq. 

Lower  Joplin  Valley  lead-deposits,  Jasper  county,  Mo.,  xviii,  676. 

Low  hearth,  French  and  German  equivalents  for,  xvi,  314. 

Lowmoor  Iron  Co.,  AU^hany  Co.,  Va.,  blast-furnaces,  xvii  [123, 
124],  129. 

Lowmoor  iron-mine,  Alleghany  county,  Va.,  xvii,  103 ;  xix,  1020; 
mining  in  soft  ore-bodies  at,  xvii,  103. 

Loyalsock,  Mahoopany  coal-fields.  Pa.,  xvii,  607. 

Luck  Sure  silver-mine,  Cochise  county,  Ariz.,  xvii  [767],  774. 

Lucky  Boy  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  12. 
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Lfucky  Cuss  silver-mine,  Cochise  county,  Ariz.,  xvii  [767],  774. 
Lucy  blast-furnace,  Pittsburgh,  Pa.,  xvii  [150] ;  xix,  934;  visit  to, 

xix,  XXV. 
Ludington  iron-mine,  Menominee  county,  Mich.,  xvi,  173,  532; 

xvii,  560,  616j  718 ;  compressed-air  plant  at,  xviii,  426. 
Ludington  iron-ore  deposit :  physical  features,  xvii,  619 ;  theory 

of  formation,  xvii,  627. 
Liihrig  jig,  xx  [617]. 

Lumberman's  Mining  Co.,  Iron  Mountain,  Mich,  xvii  [616]. 
Lunge,  G.,  remarks  in  discussion  of  Prof.  Langley's  paper  on  in- 
ternational standards  for  the  analysis  of  iron  and  steel,  xix, 

634. 
Lupton  N.  T.,  analyses  of  Alabama  coal,  xvii,  213. 
Lykens  Valley  coal-bed.  Pa.,  xvii,  609,  611  note. 
Lykens  Valley  Coal  Co.,   Pa„  ventilating-fans   at   collieries    of, 

XX,  666. 
Lyell  on  geology  of  Niagara  Falls,  xvii,  324,  333. 
Lyman,  B.  S.,  use  of  contour  curves  in  modeling,  xvi,  290. 
Lynch  gold-mine,  Montgomery  county,  Md.,  xviii,  404. 
Lyon  county,  Ky.,  iron-ore,  xvi  [592]. 
Lyon  Mountain,  Clinton  county,  N.  Y. :  magnetites  at,  xvi,  609 ; 

iron-ore  concentration  at,  xvii,  731  et  seq. 
Lyon  silver-mill,  Dayton,  Nev.,  xix,  207  et  seq, 

Mabel  Mining  Co.,  Warrior,  JeflTerson  county,  Ala.,  xvii,  210, 
213. 

Mabery,  Prof  C.  F. :  determination  of  manganese  and  silicon 
in  cast-iron,  xx,  301 ;  on  the  influence  of  aluminum  on  cast- 
iron,  xvii,  473. 

Macfarlane,  Graham  :  Notes  on  American  Cannd  Coal,  xviii 
[xlmi],  436. 

Machinery  for  the  Charging  of  Heating^  and  MeUing^Furnaces  (Well- 
man),  xix  [vfti],  313. 

Machinery :  Blake  crusher,  xvi,  753  et  seq, ;  for  breaking  coal, 
xix,  414;  Conkling  jig,  xvi,  609,  760;  electric  mining,  xix, 
258;  XX,  318,  356  et  seq,;  for  elevating  and  conveying 
coal,  xix,  398;  Liihrig  jig,  xx,  617 ;  mining,  in  Chapin  iron- 
mine,  Lake  Superior,  xvi,  127;  mining,  employed  at  Ben- 
digo  gold-field,  Victoria,  Australia,  xx,  471 ;  ore-crushers, 
xvi,  681 :  for  ore-sampling,  xx,  422 ;  for  sizing  coal,  xix, 
401 ;  for  welding  by  electricity,  xix,  884. 

Mackintosh,  Hemphill  &  Co.,  Fort  Pitt  Foundry,  Pittsburgh, 
Pa.,  visit  to,  xix,  xxiv. 
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Mackintosh,  J.  B. :  A  Orystalline  Sub-Sulphide  of  Iron  and  Nickel, 
xvi  [xx»],  117;  on  use  of  sulphuric  acid  in  electrolytic  as- 
say of  copper,  xvii  [408]. 

Madison  county,  N.  Y.,  natural  gas,  xvi,  9«50,  958. 

Madoc  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 

Magna  Charta  silver-mine,  Butte,  Silver  Bow  county,  Mont., 
xvi,  42,  66  et  seq. 

Magnesia,  methods  of  manufacture,  xvi,  720. 

Magnesium  limestone  (see  also  dolomite)  at  Bonne  Terre,  Mo., 
xvii,  661. 

Magnesite,  analyses  of,  xvi,  720. 

Magnesite  bricks,  analyses  of,  xvi,  721. 

Magnetic  concentrates  in  Port  Henry  blast-furnaces,  E^sex 
county,  N.  Y.,  xx,  699. 

Magnetic  concentration :  xix,  62, 187,  658 ;  at  Bechtelsville,  Pa., 
xix,  667  ;  at  Benson  Mines,  St.  Lawrence  county,  N.  Y.,  xix, 
192,  663,  666;  at  Cranberry  mine,N.  C,  xix,  66*7 ;  at  Croton 
mines,  Putnam  county,  N.  Y.,  xix,  666 ;  xx,  603 ;  at  Edison 
works,  Ogdeu,  N.  J.,  xx,  225 ;  at  Humboldt,  Mich,  xix,  667 ; 
at  Michigamme,  Mich.,  xix,  62,  68^  660;  at  Mineville,  N.  Y., 
xix,  666 ;  at  Ogc^en,  N.  J.,  xix,  667 ;  at  Port  Henry,  N.  Y.,  xx, 
599;  at  Tilly  Foster,  N.  Y.,  xix,  71, 658;  xx,  582;  at  Weldon, 
N.  J.,  xix,  667 ;  xx,  590. 

Magnetic  Concentration  of  Iron- Ore  (A  discussion  held  at  Glen  Sum- 
mit), XX  [Ixii]^  575. 

Magnetic  Concentration  at  the  Michigamme  Iron'Mine,  Lake  Superior 
(Fowle),  xix  [vii],  62. 

Magnetic  iron-ores:  (see  also  analyses,  iron-mines,  and  iron- 
ores):  in  Canada,  xvi,  140,  189;  in  Hiawassee  Valley,  xvi 
[840]  ;  at  Lyon  Mountain,  N.  Y.,  xvi,  609,  760  ;  in  Russian 
mines,  xvi,  361 ;  at  Valleytown,  N.  C,  xvi,  845. 

Magnetic  ore-separators:  xvii,  599,  735  €<  «eg.;  Ball-Norton,  xix, 
187,  663;  Buchanan,  xix,  64,  667;  Conkling,  xix,  658  ei  seq.; 
Edison,  xix,  667  ;  Hoffman,  xx,  606 ;  Lovett-Finny,  xx  [590] ; 
Monarch,  xix  [663,  667] ;  Wenstrom,  xix,  62,  667. 

Magnetic  oxide,  amount  required  to  eliminate  silicon  and  man- 
ganese from  pig-iron,  xx,  113. 

Magnetic  sands:  in  Canada,  xx,  132;  in  Connecticut,  xix,  5 ;  in 
Long  Island,  N.  Y.,  xvii,  737 ;  in  New  Zealand,  xvii,  737  ;  in 
Stokes  County,  N.  C,  xx  [185]  ;  in  Sumatra,  xx  [63] ;  in  the 
United  States,  xx,  132. 

Magnetite :  in  Adirondack  and  Lake  Cham  plain  region,  xvii, 
721  [745],  746 ;  analyses  of,  xvi,  620,  846  ;  analysis  of  crystal- 
line, xviii,  759;  composition  and  properties,  xvii,  736;  concen- 
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tration  of,  at  Lyon  Mountain,  N.  Y.,  xvi,  609 ;  crystalline,  in 
Poi:Ji  Henry  mines,  Essex  county,  N.  Y.,  xviii,  747;  in 
eastern  New  York,  xvii  [724] ;  in  Hudson  River  Highlands, 
N.  Y.,  xvii  [745],  746 ;  in  New  Jersey,  xvii,  722  ;  in  Ontario, 
Can.,  xvii  [294] ;  \x,  172 ;  in  Virginia  and  North  Carolina, 
XX,  174. 

Magnetization  of  Iron-Ore  (Jones)',  xix  [tit],  289. 

Mahlet  on  Koepe  system  of  winding,  xvii  [432], 

Mahopac  iron-mine,  Putnam  county,  N.  Y.,  xvii  [746] 

Main  gold-mine,  Gilpin  county,  Colo.,  xviii,  452. 

Malacca  tin,  xx,  82. 

Malachite  :  in  Black  Hills,  S.  Dak.,  xvii  [581] ;  at  Copper  Basin, 
Arizona,  xvii,  479  et  seq.j  at  Ontario,  Can.,  xvii  [294] ;  at  Ro- 
sario  mine,  Honduras,  C.  A.,  xvii  [442]. 

Malay  Peninsula,  tin-diggings,  xx,  51. 

Malleable  iron,  production  of,  in  Germany,  1876  and  1889,  xix, 
382. 

Malo-blagodatj*iron  mines,  Russia,  xvi,  347,  350. 

Malo,  Leon:  on  asphalt,  xvii,  356,  358;  nomenclature  of  asphalt 
and  bitumen,  xvii,  373,  374. 

Malpaso  gold-mine,  Colombia,  S.,  A.,  xviii,  211. 

"  Maltha  "  asphalt,  xx,  14. 

Malthite,  classified  among  hydrocarbons,  xviii,  582. 

Maltman  chlorination  works,  Nevada  City,  Cal..  xvii  [42j. 

Maltzan,  on  phosphate-slag,  xvii  [89]. 

Mammoth  coal-bed,  Pottsville,  Pa.,  thickness  of,  xvii,  208. 

Mammoth  Hot  Springs,  Wyoming :  xvi,  48 ;  deposits  of,  xvi,  795, 
meeting  at,  xvi,  xxi^  xxiii. 

Mammoth  silver-mine,  Cochise  county,  Ariz.,  xvii  [774]. 

Mammoth  sulphur-claim,  Beaver  county,  Utah,  xvi,  34. 

Mamora  township,  Ontario,  Can.,  Magnetic  iron-ore,  xvi,  140. 

Manby,  C.  B.,  analysis  of  Greenbrier  iron-ore,  xvii,  120. 

Manchester,  Ontario  county,  N.  Y.,  natural  gas,  xvi,  909. 

Manganese :  black  oxides  of,  in  Potsdam  sandstone  in  Vir- 
ginia, XX,  48 ;  bleaching  effect  on  copper,  xviii,  495  ;  capacity 
of,  to  hold  carbon,  xx,  292 ;  causes  slow  cooling  of  iron,  xx, 
312 ;  in  foreign  ferro-silicon,  xvii  [256] ;  not  hardened  by  sudden 
cooling,  XX,  310 ;  oxides,  influence  of,  on  amalgamation,  xvii, 
776 :  percentage  of,  in  cast-iron,  reduced  by  remelting,  xx, 
291 ;  in  Red  Mountain  district,  Ouray  county,  Colo.,  xvi,  580; 
shrinkage  in  cast-iron  increased  by,  xx,  310 ;  in  silver-veins 
at  Butte,  Mont ,  xvi,  62 ;  in  steel,  xvi,  355 ;  in  steel  rails,  xvii, 
[783]. 
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Manganese-bronze  for  propellers,  xviii,  485. 

Manganese  in  Casl-Iron  (Keep),  xx  [itni],  291. 

Manganese  ores:   analyses  of,  xvi,  846;    in  Tombstone  district, 

Ariz.,  xvii,  767 ;  in  Hiawassee  Valley^  xvi  [843],  846 ;  in  Nova 

Scotia,  xviii,  199  H  aeq. ;  treatment  of  argentiferous,  xviii,  910. 
Manganite  at  Rosario  Mine,  Honduras,  xfvii  [442]. 
Manhattan  silver-mine,  Reese  River  district,  Lander  county,  Nev., 

xvi,  372. 
Manitoba,  Ontario,  Can.,  iron-ores,  xvi,  140. 
Manitou,  Colo.,  excursion  to,  xvi,  zxL 
Mannesmann  tubes,  xix,  384. 
Mannington,  Ky.,  coal,  xvi,  584. 
Manometer,  water,  construction  and  use  of,  xvii,  66. 
Mansfeld  copper-mine.  Saxony,  Germany,  method  of  mining  at, 

XX,  380. 
Mansfeld,  Hartz,  Germany,  copper-deposits,  xvi  [813]. 
Mansfield,  George  W.  :  The  Electric  Motor  in  Mining  Operations^  xvi, 

[xxix]^  851 ;  on  electric  power  in  raining  operations,  xvii,  555 

et  seq. 
Manufacture  of  Liquid  Sulphurous  Acid  in  Upper  Silesia  (Eilers),  xx 

llxivl  336. 
Manufacture  of  open-hearth  bridge-steel,  xviii,  88. 
Maps,  geological :  construction  in  relief,  xvi,  279 ;    of  New  York, 

xvi,  912 ;   strata-maps  to  represent  stratification  or  bedding, 

xvi,  768. 
Marble ;   in  Hiawassee  Valley,  xvi  [843,  847],  849 ;   in  Ontario 

Can.,  xvii  [294  et  seq.'], 
Marcet  on  phenomena  of  superheated  waters,  xvii  [551]. 
Margaret  tin-vein.  Black  Hills,  8.  Dak.,  xvii  [590]. 
Marguerite's  method  for  reduction  of  ferric  sulphate  in  volu- 
metric analyses,  xvii,  411,  412. 
Marine  engines,  xix,  855. 
Marl  in  Ontario,  Can.,  xvii  [294]. 
Marquette  Iron  Range,  Mich. :  xvi,  173  et  seq,  ;  iron-ores,  xix,  60; 

mines,  xvii,  717;  product,  xvii,  716  etseq;  shipments  of  1887, 

xvi,  891. 
Marquette  region,  Mich.,  precious  metals  in,  xvi,  191. 
Marsac  stamp-mill.  Park  City,  Summit  county,  Utah,  xvi,  21,  470 

et  seq. ;  xx,  7  et  seq.,  17  et  seq.,  42. 
Marshall  Basin  mining  district,  San  Juan  county,  Colo.,  xviii 

[140]. 
Marshall  pass,  visit  to,  xvi,  ocxi. 
Marsh-gas  :    classified  among  hydrocarbons,  xviii,  582;  value  as 

fuel,  xvii,  99 ;  weight  of  cubic  foot,  xvii,  100. 
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Martens,  Prof.  A.,  on  tests  for  structural  wrought-iron  and  steel, 

XX  [723]. 
Martin,  E.  P. :  remarks  in  discussion  of  Mr,  Gay  ley's  paper  on 

American  blast-furnaces,  xix,  989 ;   of  Mr.  Hadfield's  paper 

on  aluminum-steely  xix,  1076. 
Martin-Siemens  process,  xx,  112. 
Martin  steel  (see  steel  and  open-hearth). 
Martinsvile,  Henry  county,  Va.,  iron-ores,  xx,  180. 
Martite,  feebly  magnetic,  xvii,  736. 
Marvin  electric  drill,  xix,  260. 
Maryland :  coal-production  in  1887-88,  xviii,  124 ;   gold-deposit* 

in  Montgomery  county,  xviii,  399. 
Maryland  gold-mine,  Montgomery  county.  Md.,  xviii,  399. 
Mary  Murphy  silver-mine,  Chaffee  county,  Colo.,  xvii,  159. 
Mary  Pratt  furnace,  Birmingham  district,  Ala.,  xvi  [593] ;  xvii 

[152]. 
Marysvale  district,  Pi  Ute  county,  Utah,  silver-lead-ores,  xvi,  5. 
Mass  copper-mine.  Lake  Superior,  Mich.,  xix^  6g2. 
MamcVs  and  Crookes  American  Patent  Fire-Brick  Hot- Blast  Stove 

(Crooke),  xix  [pczxii]y  1036. 
Mastic  asphalt,  xvii,  361  et  seq. 

Mastodon  bones  found  near  Petite  Anse  Island,  La.,  xvii,  107. 
Mastodon  iron-mine,  Menominee  range,  Mich.,  xvii  [718]. 
Matheson,  Ewing,  remarks  in  discussion  of  Prof.  Thomson's  paper 

on  welding  by  electricity,  xix,  890. 
Mathez,  Auguste,  remarks  in  discussion  of  Mr.  Hofman's  paper 

on  gold-mining  in  the  Black  Hills,  xvii,  541. 
Matte  :  analyses  and  treatment  of,  at  Argo.,  Colo.,  xviii,  64  et  aeq; 

assays  of,  xvi,  22 ;   Bessermerizing,  xviii  [70] ;  fusibility   of 

mixed  sulphides  in,  xvi,  24;  nickel-copper,  produced  at  Sud- 
bury, Ontario,  xviii,  281. 
Mattes,  C.  C,  system  of  measuring  an  open-pit,  xvii,  764. 
Matting  Dry  Auriferoii8  Silver- (hea  (Austin),  xvi  [xviii],  257. 
Mauch  Chunk  formation  in  Beruice  coal-basin,  xvii,  607. 
Maud  S.  silver-mine,  Red  Mountain  district,  Ouray  county,  Colo., 

xvi,  575,  577. 
Mayberry  coal-bed,  Choctaw  coal-fields,  Indian  Territory,  xviii, 

660. 
Maynard    and  Kunhardt   on   iron-ore   concentration  at  Lyon 

Mountain,  N.  Y.,  xvii  [732, 734]. 
Maynard,  George  W.  :  remarks  in  discussion  of  Sir  Lowthian 

Bell's  paper  on  the  probable  future  of  the  manufacture  of  iron, 

xix,  850;  on  deposition  of  copper  on  organic  remains  in  the 

Urals,  xvii  [483]. 
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Maxfield  silver-lead-mine,  Big  Cottonwood  Cafion,  Salt  Lake 
county,  Utah,  xvi  [5,  13]. 

McAlester  coal-bed,  Choctaw  coal-fields,  Indian  Territory,  xviii, 
657,  659. 

McCalley,  Henry ;  estimate  of  area  of  Alabama  coal-fields,  xvii, 
207 ;  on  the  Warrior  coal-fields,  Ala.,  xix,  296. 

McCalmont  Oil  Co.'s  wells,  Almy  township,  AU^any  county,  N 
Y.,  xvi,  932. 

McClave  grate,  xx  [617,  620,  623],  628. 

McCollum  iron-mine,  Putnam  county,  N.  Y.,  xvii  [746], 

McComber  iron-mine,  Marquette  county,  Mich,  xvi,  174. 

McCormick,  W.  S.,  Address  of  welcome  at  Salt  Lake  City,  Utah, 
xvi,  arwi. 

McCreath,  Andrew,  analyses  of  Bernice  anthracite.,  xvii,  610, 
615. 

McDowell,  P.  H. :  Ore-Dressing  by  EkctricUy  at  the  TiUy  FhsUr 
Mine,  xix  [rii],  71 ;  The  Reopening  of  the  T'Jly  Foster  Iron-Mme^ 
xvii  [xZiit],  758 ;  Stripping  Ore-Deposits,  xviii  [xxxi],  627. 

McParland  and  Bertenshaw  bumping-tables,  xvii  [54]. 

McHenry  coal-mine,  Ohio  county,  Ky.,  xvi  [584]. 

McHenry  silver-mine,  Uintah  district.  Summit  county,  Utah,  xvi, 
15. 

Mcjordan  farm,  Clarksville  township,  Allegany  county,  N.  Y., 
gas  well,  xvi,  936. 

McKean  county.  Pa.,  oil,  xvi,  906. 

McKenna,  Alex.  G.,  and  Drown,  Thomas  M.:  The  Direct  Determi- 
nation of  Aluminum  in  Iron  and  Steel,  xx  [Iviit],  242. 

McKeon  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  152, 
et  seq, 

McLean  county,  Ky.,  coal,  xvi  [582]. 

McMillin,  Emerson,  analysis  of  water-gas,  xvii,  301. 

McMuUen  &  Hallock  gas-well,  'Cattaraugus  county,  N.  Y.,  xvi, 
939. 

McMurtrie,  George  G.,  on  making  steel  without  the  use  of  man- 
ganese, XX,  237. 

Meadow  Valley  stamp-mill,  Pioche,  Nev.,  xvi  [382]. 

Means,  Ellison  C.  :  The  Flue-Dust  of  the  Furnaces  at  Low  Moor, 
Fix.,  xvii  [aa;i;i],  129. 

Mears's  chlorination  process,  xvii,  315. 

Measure  and  weight,  U.  S.  prototype  standards  of,  xviii,  716. 

Mechanical  equivalent  of  electricity,  xviii,  353. 

Mechanical  ore-sampling,  xx,  416. 

Mechanical  properties  (see  tests). 

Mechanical  watchman  for  ships,  xix,  643. 
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Medicine  Hat  coal-mine,  Manitoba,  Can.,  xviii,  314. 

Medina  formation:  in  New  York,  xvii,  327,  398;  in  West  Vir- 
ginia, Greenbrier  county,  xvii,  148. 

Meetings  of  the  Institute ;  Birmingham,  Ala.,  May,  1888,  xvii, 
xix;  Boston,  Mass.,  February,  1888,  xvi,  ocxdii;  Buffalo,  N. 
Y.,  October,  1888,  xvii,  xnv;  Cleveland,  Ohio,  June,  1891, 
xxylvi;  Denyer,  Colo.,  June,  1889,  xviii,  xvii;  Duluth,  Minn., 
July,  1887,  xvi,  ocxiv,;  Glen  Summit,  Pa,,  October,  1891,  xxj  hi; 
New  York  City;  February,  1889;  xvii,  xxxi;  September,  1890, 
xix,  vii ;  February,  1891  (annual),  xix,  xxv  ;  Ottawa,  Canada, 
October,  1889,  xviii,  ocxiv;  Pittsburgh,  Pa.,  October,  1890  (Inter- 
national Sessions),  xix,  xvii;  Utah  and  Montana,  July,  1887, 
xvi,  xuii;  Washington,  D.  C.  (annual),  February,  1890,  xviii, 

XXX, 

Mcfartens,  George,    on  tests  for  structural  wrotight-iron  and 

steel,  XX  [723]. 
Mekarski  compressed-air  motor  for  tramways,  xix,  553  et  seq. 
Melting-point  of  silicates,  xviii,  740. 
Members  and  associates:   death   of;   xvi,  xxxiv;   xvii,  xxxviii; 

xviii,  xxxiv:  xix,  ocxx;  election  of ;  xvi,  xix,  xxv,  xxix ;   xviu 

XX,  xxvii,  xxxix;  xviii,  xviii,  xxvii,  xlvUi:  xix,  x,  xi,  xii,  xiv ; 

XX,  Miij  Ixvi. 
Memphis  Coal  Co..  Muhlenberg  county,  Ky.,  xvi  [584]. 
Menaccanite:  feebly  magnetic,  xvii,  736;  in  Sumatra,  xx  [60], 
Mendenhall,  T.  C:     The  United  Staxes   Prototype   Standards  of 

Weight  andMeasurCy  xviii  [xxxi],  716. 
Menges,  Dr.  Franklin,  on  desulphurization  of  iron-ores,  xviii, 

78, 80. 
Menominee  Iron  Range,  Lake  Superior  region,  xvi,  172  et  seq., 

525;  iron-ores,  xvii,  619  et  seq. ;  xix,  60;  mines,  xvii,  718; 

product,  xvii,  716,  717,  726,  727  ;  shipments  of,  xvi,  89L 
Mercedes  silver-mine,  Honduras,  C.  A.,  xx,  405. 
Mercer  county,  Pa.,  pyritiferous  coal,  xvi,  539  et  seq. 
Mercury:  failure  to  force  contact  of,  with  gold,  xvii,  315.;  in  the 

Transvaal,  Africa,  xviii,  347. 
Mercury-ttaps  in  Black  Hills  stamp-mills,  xvii,  526,  538. 
Merrifield  mine,  Nevada  City,  CaL,  chlorination  works,  xvii  [42]. 
Merril  Air-Engine  of  the  Downer  Oil  Co.,  visit  to,  xvi,  xxxvii. 
Merrill,  F.  J.  H.,  on  rhyolite  at  Rosario  mine,  Honduras,  C  A., 

xvii,  438. 
Merritt  farm,  Genessee  and  Clarksville  townships,  Allegany  Co., 

N.  Y.,  oil  wells,  xvi,  936. 
Merritt,  William  Hamilton  :  The  Mijierals  of  Ontario  and  their 

Development,  xvii  [pcxvt],  293 ;  Notes  on  Some  Coals  in  Western 

Canada,  xviii  \xxv\  313. 
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Mesozoic  formation  in  Black  Hills,  S.  Dak.,  xvii  [572]. 

Messaba  range,  Minn. :  granite  quarries,  xvi  [192] ;  magnetic  iron- 
ore,  xvi,  180,  182. 

Metallic  poisons  in  potable  waters,  xvii,  345. 

Metallurgy  (see  also  smelting)  :  British  contribution  to,  xix,  807 ; 
department  of,  at  U.  S.  National  Museum,  xix,  232 ;  of  iron 
and  steel,  German  practice  since  1876,  xix,  331. 

Metallurgical  progress  in  the  West,  xviii,  55. 

Metallurgical  treatment  of  Black  Hills  gold-ores,  xvii,  588. 

Metallurgical  works  (see  blast-furnaces,  smelting-works,  etc.). 

Metals :  physical  tests  of  various,  xviii,  803,  817  ;  in  water, 
simple  test  for,  xvii,  346. 

Metal-working  by  electricity,  xvii,  559;  xviii,  532,  666  et  seq,; 
xix,  877, 1046;  xx^  249. 

Metamorphosis  and  replacement  theory,  of  ore-deposit  at  Mount 
Morgan  gold-mine,  Queensland,  xx,  145. 

Metasomasis  of  limestone  at  Aspen,  Colo.,  xvii,  204. 

Mctcalf,  William,  on  steel,  xvii  [237]  ;  xx  [730]. 

Metric  international  standards,  xviii,  716. 

Method  of  Constructing  Strata-Maps  to  Represent  Stratification  or  Bed- 
ding (Ives),  xvi  \xxvi%%\^  768. 

Method  Jot  the  Estimation  of  Manganese  in  Steel  (Julian),  xvi  [xxxtn\^ 
355. 

Methods :  of  lead-mining  at  Bonne  Terre,  Mo.,  xvii,  661 ;  of  min- 
ing in  Black  Hills,  8.  Dak.,  xvii,  576;  of  mining  in  soft  ore- 
bodies,  xvii,  103 ;  of  ore-sampling  by  hand,  xx,  155. 

Methods  of  Mining  in  the  Menominee  Range,  Michigan  (Fulton),  xvi 
[xxr],  891. 

Methods  of  Working  and  Surveying  the  Mines  of  the  Longdate  Iron  Com- 
pany, Virginia  (Johnson),  xx  [^mi],  96. 

Mexico :  bituminous  limestone,  xvii,  362 ;  Cusihuiriachic  silver- 
mill,  Chihuahua,  xx,  29 ;  glance-pitch,  xvii,  359;  Las  Planchas 
silver-mining  district,  Sonora,  xx,  740. 

Mezger,  a.,  and  Thies,  A. :  The  Geology  of  the  Haile  Mine,  South 
Carolina,  xix  [ir],  595. 

Miao-Erh-Liang  coal-field,  China,  xix,  595. 

Mica-schist  in  Black  Hills,  S.  Dak.,  xvii  [498]. 

MjcHAELis,  0.  E. :  The  Bqfors  Steel  Cast  Guns,  xvi  [pcxix],  557. 

Michigamme  iron-mine,  Marquette  county,  Mich.,  xvi,  174 ;  xvii 
[718]  ;  magnetic  concentration  at,  xix,  62,  661. 

Michigan:  coal-production  in  1887-88,  xviii,  124,  132;  copper- 
mines,  xvi,  190;  iron-mines,  xvii,  716  etseq.;  iron-ores  of  the 
Menominee  range,  xvi,  525. 

Michigan  Stove  Co.'s  Works,  Detroit,  Mich.,  experiments  with 
aluminum  at,  xx,  241. 
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Microscopic  examiuatiou :  of  gold-quartz,  xviii,  639 ;  of  water, 
xvii,  347. 

Middlesbrough  blast-furnace  and  steel-works,  England,  xvii  [86, 
143, 149]. 

Middlesex,  Yates  county,  N.  Y,,  natural  gas,  xvi.  909. 

Midland  blast-furnace,  Crawford  county.  Mo.,  xvii,  756. 

Midvale  Steel  Works,  Philadelphia,  Pa.,  xx  [241]. 

Mikado  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  146 
et  Beq. 

Mike  fault,  Iron  Hill,  Leadville,  Colo.,  xviii,  150. 

Mike  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  165, 172. 

Miller:  chlorination  process,  xvii  [7] ;  process  for  refining  gold- 
alloys,  xvii,  30. 

Miller  iron-mine,  Essex  county,  N.  Y.,  xviii,  751. 

Miller  silver-lead-mine.  Salt  Lake  county,  Utah,  xvi  [5]. 

Mill,  Heberle,  for  ore-grinding,  xviii  [265]. 

Milling:  Comstock  ores  at  Washoe,  Nev.,  xix,  196;  gold-milling 
in  Black  Hills,  S.  Dak.,  xvii,  498;  gold-ores  at  Haile  mine, 
Lancaster  county,  8.  C,  xix,  606 ;  gold-ores  in  Korea,  xviii, 
363;  gold  and  silver-ores  at  Combination  Co.'s  mill.  Deer 
Lodge  county,  Mont,,  xviii,  248. 

Mills  and  Rowan,  on  fuel  and  its  applications,  xx,  166. 

Milner  Coal,  Iron  and  Railroad  Co.,  New  Castle,  Jefferson  county^ 
Ala.,  xvii,  141, 153,  210  ei  seq, 

Milo  silver-mine,  Ten  Mile  district,  Summit  county,  Colo.,  xviii 
[172], 

Mina  Grande  silver-mine,  Honduras,  C.  A.,  xx,  403. 

Minas  de  Oro  gold  and  silver-mining  district,  Honduras,  C.  A., 
XX,  401. 

Minas  Prietas  silver-mines,  Sonora,  Mex.,  xvi,  461. 

Mine-cars  at  Danville  iron-mine.  Pa.,  xx,  382. 

Mine-car  wheels:  friction  of,  xviii, 508 ;  tests  of  different  designs, 
xviii,  514. 

Mine  La  Motte,  Madison  county.  Mo.,  smelting  works,  xx  [166]. 

Mineral-deposits  of  Nova  Scotia,  xviii,  198. 

Mineral  Farm  silver-mine,  Ouray  county,  Colo.,  xvi,  571. 

Minerals  of  Ontario  and  Their  Devdopment  (Merritt),  xvii  [xxvi], 

293. 
Mineral-oil,  xvii  [857]. 
Mineral.pitch,  xvii  [357]. 

Mineral  Point  Mining  district,  San  Juan  county,  Colo.,  xviii  [140]. 
Mineral-productions  of  Ontario,  Can.,  xvii,  298. 
Mineral  Railroad  and  Mining  Co.,  ventilating-fans  at  Cameron 

colliery,  Shamokin,  Pa.,  xx,  650. 
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Mineral,  new  variety  of,  discovered  in  Gagnon  silver-vein,  Batte, 
Mont.,  xvi,  64. 

Mineral-tar,  vvii  [357]. 

Mineral-ivaters,  general  composition  of,  xvii,  349. 

Miners  in  China,  xvi,  107 ;  xx,  ^9. 

Miner's  Dream  silver  lead-mine,  Bingham  Cafion,  Salt  Lake 
county,  Utah,  xvi,  11, 12. 

Miners'  wages :  in  Alabama  coal-mines,  xvii,  222;  in  China,  xri, 
108;  in  Colombia,  S.  A.,  xvi,  306;  in  Ontario,  Can.,  xix,  37 ; 
in  tin-mines  of  Indian  Archipelago,  xx,  68  et  seq.;  in  the 
United  States  in  1888,  xviii  [122],  135  et  seq. ,  in  the  Ural  Moun- 
tains, xvi,  354;  in  Utah,  xvi,  357,  358. 

Mines  (see  also  the  metals)  :  of  Aspen  Mountain,  Colo.,  xvii,  156 ; 
cultivation  of  mushrooms  in  abandoned,  xvii,  248. 

Mine-timbering:  best  woods  for,  xvii,  269;  consumption  of 
wood  in,  xvii,  265  et  seq, ;  time  for  felling  wood  for,  xvii,  270. 

Mineville  iron-mines,  Essex  county,  N.  Y.,  xvii  [722]  ;  magnetic 
concentration  at,  xix,  666. 

Mingo  smelting-farnace  (silver-lead),  Salt  Lake  county,  Utah,  xvi 

[18]. 

Mining  (see  also  coal-mining) :  affected  by  avalanches,  xviii,  58^  ; 
in  Chapin  iron-mine,  Lake  Superior,  xvi,  120;  in  China,  xvi, 
99 ;  xix,  571 ;  xx,  88,  326 ;  coal,  in  Oregon,  xix,  23 ;  copper- 
mining  in  Michigan,  xvi,  190 ;  deep  mining  at  Bendigo  gold- 
field,  Victoria,  Australia,  xx,  538;  electric  power-transmission 
in,  xvi,  851 ;  xvii,  555;  xix,  258;  xx,  316;  fine  gold-sands  in 
Idaho,  xviii,  597 ;  gold  and  silver  in  Honduras,  xx,  395 ; 
low-grade  ores  at  Haile  gold-mine,  Iiancaster  county,.  S.  C, 
xix,  604;  paint-ore  at  Lehigh  Gap,  Pa.,  xix,  325;  at  Petite 
Anse  Island,  La.,  xvii.,  107;  reef-gold  in  Malacca,  xx,  326; 
silver  at  Butte,  Mont,  xvi,  38;  silver,  in  China,  xx,  88;  Sud- 
bury ore-deposits,  Ontario,  Can.,  xviii,  280;  tin  in  mountain 
streams,  Siak,  Sumatra,  xx,  75. 

Mining  education  (see  Technical  Education). 

Mining  City  coal-mine,  Butler  county,  Ky.,  xvi  [585]. 

Mining  claims,  rights  of  owners  of,  xviii,  881. 

Mining  in  Honduras  (Thacher),  xx  [Wt;],  394. 

Mining  Industries  of  Eastern  Quebec  (Eli^),  xviii  [xxp],  316. 

Mining  Industry  in  its  Relation  to  Forestry  (Fernow),  xvii  [poxv],  264. 

Mining  law :  xviii,  182,  881 ;  end-lines  and  side-lines,  xvii,  787 ; 
of  New  York,  xvi,  770- 

Mining  machinery  in  Chapin  iron-mine,  Lake  Superior,  xvi,  127. 

Mining  methods :  at  Chapin  iron-mine,  Lake  Superior,  xvi,  120 ; 
in  China,  xvi,  101 ;  in  large  bodies  of  soft  ore,  xvi,  862;  in 
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Menominee  range,  Mich.,  xvi,  891 ;  packing  with  waste  in.coal- 
mines  in  China,  xvi,  103. 

Mining  schools  in  Summer,  xvi,  647. 

Mining  in  Soft  Ore-Bodies  at  Low  Moor  (HuNGERFORD),.xvii  [xarit], 
103. 

Mining  by  stripping:  at  Bertha  zinc-mines,  Bertha,  Va.,  xviii, 
632;  at  Dannemora,  Sweden,  xviii,  634;  at  Peters  iron-mine, 
Ringwood,  N.  J.,  xviii,  627 ;  at  Tilly  Poster  mine,  Putnam 
county,  N.  Y.,  xviii  [627]. 

Minnesota  Iron  Co.,  xvii  [719]. 

Minnesota:  iron-mines,  Vermilion  district,  xvii,  719;  iron-ore 
product,  xvii,  716,  717;  iron-ores  of  Vermilion  district,  xvi, 
181 ;  shipping-ports  for  ores,  xvi,  172. 

Minnesota  copper-mine,  Lake  Superior,  Mich,  xix,  682  et  seq, 

Minnesota  Point,  Duluth  Bay,  Minn.,  formation  of,  xvi,  171. 

Minnesota  "  Y  "  ore,  analysis  of,  xvi,  716. 

Minnie  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  146  et 
seq, 

Minong  copper-mine.  Lake  Superior,  Mich,  xix,  702. 

Mints:  Carson  City,  Nev.,  xvi,  83:  New  Orleans,  La.,  xvi,  83; 
Philadelphia,  Pa.,  xvi,  83  :  San  Francisco,  Cal.,  xvi,  83. 

Miocene  formation  in  Black  Hills,  S.  Dak.,  xvii  [571]. 

Mispickel  in  Ontario,  Can.,  xvii  [294,  298]. 

Mississippi,  manufacture  and  consumption  of  phosphoric  acid 
fertilizer  in,  xvii,  85. 

Missouri:  coal-production  in  1887-88,  xviii,  124;  iron-mines, 
xvii,  723 ;  iron-ore  product,  xvii,  723,  725,  727. 

Missouri  Boy  silver-mine.  Aspen,  Colo.,  xvii  [178]. 

Mitchell  coal-basin,  Indian  Territory,  xviii,  654  et  aeq. 

Mitchell's  method  of  tin-assay,  xviii,  18  et  seq. 

Mitis  wrought-iron  castings,  composition  and  properties  of,  xviii, 
557,  838  et  seq. 

Mitis  steel,  xx,  248. 

Mitterdorf,  Styria,  magnesite,  xvi,  720,  721. 

Models,  method  of  making,  xvi,  282. 

Mode  of  Deposition  of  the  Iron- Ores  of  the  Menominee  Rangef  Michi- 
gan (Fulton),  xvi  [scxv],  525. 

Modes  of  Occurrence  of  Pyrite  in  Bituminous  Coal  (Brown),  xvi 
[xxxvi{]j  539. 

Moffat,  E.  S.  :  remarks  in  discussion  of  magnetic  concentration 
of  iron-ores,  xx,  584 ;  of  preparation  of  small  sizes  of  anthra- 
cite, XX,  620 ;  on  use  of  fine  ore  in  blast-furnaces,  xvii,  731. 

Moffet  hearth-furnace  for  lead,  xviii,  679. 
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Molin,  William,  analysis  of  Belmont  iron-ore,  Ontario,  Can.,  xx, 
173. 

Molly  Gibson  silver-mine.  Aspen,  Pitkin  county,  Colo.,  xviii 
[262]. 

Monarch  geyser,  Yellowstone  Park,  xvii,  550. 

Monarch  magnetic  ore-separator,  xvii,  740 ;  xix  [663,  667]. 

Monarch  silver-mine.  Aspen,  Colo.,  xvii  [178]. 
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duction, xix,  703 ;   geology  of  Butte,  xvi,  49 ;   manganese- 
ores,  xvii,  774 ;    Rainbow  Lode,  Butte,  xvi,  65 ;   silver-milling 
and  mining,  xvi,  38. 
'  Montana  group,  thickness  of,  in  Florence  oil-field,  Colo.,  xx,  451. 

Montejus  system  for  lixiviation  tanks,  xx,  9  et  seq. 

Montevallo  Coal  and  Iron  Co.,  coal-mines,  Aldricb,  Shelby 
county,  Ala.,  xvii,  210  et  seq. 
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Montgomery  gold-mine,  Montgomery  county,  Md.,  xviii,  399. 

Montour  Iron  Co.,  iron-mines,  Danville,  Pa.,  xx,  370  et  seq, 
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Moore,  G.  E.,  analysis  of  water-gas,  xvii,  300. 

Moreau,  G. :  analyses  of  white  pig-iron  from  Teplitz  and  Witko- 
witz,  Bohemia,  xvii,  87,  93 ;  composition  of  Teplitz  arid  Wit- 
kowitz  phosphate-slag,  xvii,  87,  93. 

Morwood  coal-mine,  Connellsville,  Pa.,  xx  [655]. 

Morgan,  James  :  A  Suspended  Feed-Table  for  RoUing-MUkj  xix  [mu], 
42. 

Morning  Star  silver-mine,  Leadville,  Lake  county,  Colo.,  xviii 
[169]. 

Morris  iron-mines,  Red  Mountain,  Ala.,  visit  to,  xvii,  xxiu 

Morrisville,  Madison  county,  N.  Y.,  gas-well,  xvi,  950. 

Morris,  W.  H.  :  remarks  in  discussion  of  Mr.  Hunt's  paper  on 
tests  of  structural  wrought-iron  and  steel,  xx,  695;  of  mag- 
netic concentration  of  iron-orei  xx,  584. 
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Morrow's  coal-mine8,  Jefferson  county,  Ala.,  xvii,  210. 

Morse  and  Williams  oil-well,  Wirt  township,  Allegany  county, 
N.  Y.,  xvi,  932. 

Mortars  in  stamp-batteries.  Black  Hills,  S.  Dak.,  xvii,  515. 

Mosquito  range,  Colo  :  faults  in,  xvi,  824 ;  geology  of,  xvii/ 167. 

Motors :  compressed-air,  for  tramways,  xix,  553 ;  electric,  in  min- 
ing operations,  xvi,  851. 

Moulton  Mining  Co.,  Butte,  Mont,  xviii  [225];  silver-mine  and 
mill,  xvi,  38  et  seq,,  54,  62,  66  et  acq. ;  xvii,  776 ;  visit  to,  xvi, 
xocii. 

Mountain  View  copper-mine,  Butte,  Silver  Bow  county,  Mont., 
xvi,  54;  xix,  690. 

Mount  Baldy,  Pi  Ute  county,  Utah,  silver-lead-ores,  xvi,  5. 

Mount  Corry  silver-mill.  Lander  county,  Nev.,  xx  [17]. 

Mount  Guyot,  near  Breckenridge,  Colo.,  gold-veins,  xvi,  838. 
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Mount  Hope  iron-mine,  Morris  county,  N.  J.,  xvii,  740;  xx,  215 
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Mount  Massive,  Sa watch  range,  Colo.,  xvii,  161. 

Mount  Morgan  Mine^  Queensland  (Rickard),  xx  [2mt],  133. 

Mount  Morgan  Gold  Mining  Co.,  Queensland,  xx,  150. 

Mount  Morgan  gold-mine,  Queensland :  description  of,  xx,  134 ; 
discovery  of,  xx,  134 :  gold-production  in  1889,  xx,  468 ;  xx, 
133 ;  similarity  of  ore-deposit  to  that  of  Red  Mountain  dis- 
trict, Colo.,  XX,  146. 

Mount  Nebo,  Juab  county,  Utah,  silver-lead -ores,  xvi,  5. 

Mount  Pleasant  iron-mine,  Morris  county,  N.  J.,  xx,  222. 

Moyer  fault.  Iron  Hill,  Leadville,  Colo.,  xviii,  149  et  seq. 

Moyer  Placer  silver-mine.  Iron  Hil),  Lake  county,  Colo.,  xviii, 
150  et  seq. 

Mt.  Carbon  Coal  Co.'s  coal  transfer,  xvii,  454. 

Mt.  Sneffles  mining-district,  San  Juan  county,  Colo.,  xviii 
[140]. 

Mt.  Tom  iron-mine.  Burden  Station,  Columbia  county,  N.  Y., 
xviii,  253,  254. 

Mud  River  coal-mine,  Muhlenberg  county,  Ky.,  xvi  [584,  585]. 

Muhlenberg  and  Drown  on  method  for  determination  of  phos- 
phorus in  iron  and  steel,  xvii  [102]. 

Muhlenberg  county,  Ky. :  coal,  xvi  [582,  584] ;  iron-ores,  xvi 
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Muirkirk  blast-furnace.  Prince  George's  county,  Md.,  xvii,  460 
et  seq. 

Mules,  wire-rope  and  electrical  haulage  compared,  x\dii,  412, 418. 

Munroe  county,  N.  Y.,  natural  gas,  xvi,  910. 
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Is  Close  Sizing  Advantageous  f  xvii  [xKi],  637 ;  New  Dressing- 
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Mutual  Oil  Co.  wells,  Bolivar  township,  Allegany  county,  N.  Y., 
xvi,  932. 

Mylert  coal-mine,  Sullivan  county,  Pa.,  xvii,  615. 

Nagaunee,  Mich.,  iron-ore  concentration-works  at,  xvii  [728]. 

Nails  from  Tin-Scrap  (Smith),  xvii  [zliii],  495. 

Nanaimo  iron-mine,  Menominee  range.  Lake  Superior,  xvii  [629]. 

Nanaimo,  Vancouver  Island,  British  Columbia,  coal,  xvi  [140]. 

Nantes,  France,  compressed-air  tramway  at,  xix,  553. 
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Nao-Lung-Ching,  China,  hematite  deposits,  xix,  575. 
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National  copper-mine.  Lake  Superior,  Mich,  xix,  702. 

National  Museum,  Washington,  D.  C,  department  of  metallurgy 
and  economic  geology  at,  xix,  232. 

National  Park,  Yellowstone,  xvi,  783. 

Natural  gas :  amount  and  duration  of  in  large  gas-districts,  xvi, 
917;  analyses  of,  xvi,  922,  952,  953;  xviii,  881;  animal 
remains  in  limestone  beds  the  source  of  oil  and  gas,  xvi,  913, 
914 :  as  blast-furnace  fuel,  xvii,  97  :  classified  among  hydro- 
carbons, xviii  [582];  consumption  of,  in  Pittsburgh,  xviii, 
131 ;  dip  of  reservoir-rocks,  xvi,  916 ;  effect  of,  on  coal-trade, 
xviii,  132 ;  at  Getzville,  N.  Y.,  xvii,  403 ;  holding  capacity  of 
reservoir-rocks,  gas  and  oil,  xvi,  915 ;    important  conditions 
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attending  the  occurrence  of  gas,  xvi,  913;  in  New  York,  xvi» 
906  et  seq,;  xviii,  294;  occurrence  iu  eastern  Ontario,  xviii, 
290 ;  at  Port  Colborne,  Oatario,  xvii,  401,  402 ;  relation 
between  petroleum  and,  xviii,  291 ;  at  Tonawanda,  N,  Y., 
xvii.  403 ;  use  in  the  open-hearth  steel  process,  xvi,  696. 

Hdtural  Oas  Exploraivms  in  the  Eastern  Ontario  Peninmla  (Ash- 
burner),  xviii  [xxr].  290. 

Nau,  J.  B. :  Experiments  vdth  the  Imperaiori  Process  at  Oroton  Ma^gnetic 
Mine,  New  York,  xx  [Iviii],  111. 

Navassa  rock,  phosphoric  acid  in,  xvii,  87. 

Nebraska,  coal-production  of,  in  1887-88,  xviii.  124. 

Ncff  oil-well,  Scio  township,  Allegany  county,  N.  Y.,  xvi,  932. 

Neill,  James  W.  :  Stone-Coal  in  the  Lead  Blast-Fumojce,  xx  \lviix\, 
165 ;  remarks  in  discussion  of  magnetic  concentration  of  iron- 
ore,  XX,  580. 

Nelson  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  182. 

Naphtha  classified  among  hydrocarbons,  xviii,  582. 

Nepigon  formation  in  Ontario,  Can.,  xvii  [295]. 

Nessler  process  for  determining  strength  of  dilute  solution  of 
ammonia,  xvii,  345. 

Nettie  silver-mine,  Butte,  Silver  Bow  county,  Mont.,  xvi,  55. 

Network-theory  of  ore-deposit  at  Mount  Morgan  gold-mine, 
Queensland,  xx,  144. 

Nevada,  Esmeralda  county,  copper-deposits,  xix,  698. 

Nevada  system  of  timbering  mines,  xvi,  895. 

Neversink  Valley,  Orange  and  Sullivan  counties,  N.  Y.,  gas-well, 
xvi,  958. 

Nevill's  gold-mine,  Angel's  Camp,  Calaveras  county,  Colo.,  xviii, 
643. 

New  Bed  iron-mines,  Essex  county,  N.  Y.,  xvii,  721,  739  et  seq.; 
xviii,  751  et  seq, 

Newberry,  W.  E.  :  Notes  on  the  Geology  of  the  Aspen  Mining-District 
xviii  [ocz],  273;  on  fossil  cycads  in  Honduras,  xvii,  436 ;  on 
geology  of  Niagara  Falls,  xvii  [322],  325. 

New  Brunswick :  hematite  iron-ore,  xvi,  139 ;  importance  of  iron 
manufacture,  xvi,  130. 

New  Caledonia,  nickel-mines  of,  xviii  [289]. 

New  Castle  coal-mines,  Jefferson  county,  Ala.,  xvii,  153, 209  et  seq. 

New  Castle  coka,  analyses  of,  xvii,  154. 

Newcastle,  Garfield  county,  Colo.,  visit  to  coal-mines  at,  xviii, 
xxii. 

New  Chum  Consolidated  gold-mine,  Victoria,  Australia,  xx,  474, 
488. 

New  Chum  and  Victoria  gold-mine,  Victoria,  Australia,  xx,  494. 
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New  Discovery  of  Carbonate  IroiirOre  at  Enterprise^  Miss,  (Brainerd), 
xvi,  [xxv]^  146. 

New  Dressing-  Works  of  the  St.  Joseph  Lead  Company,  at  Bonne  Terre, 
Missouri  (Munroe),  xvii  [xarn't],  669. 

Newell,  P.  H. :  Results  of  Stream  Measurements  of  the  United  States 
Geological  Survey,  xx  [Ixii],  547 ;  remarks  in  discussion  of  Mr. 
Eldridge's  paper  on  the  Florence  oil-field,  xx,.462. 

New  Emma  eilver-lead-mine,  Little  Cottonwood  Canon,  Salt  Lake 
county,  Utah,  xvi  [13]. 

New  England  coal-production  in  1887-88,  xviii,  124. 

Ncvr  Glasgow,  N.  S.,  iron-works,  xvi.,  135. 

New  Granada,  resources  of,  xviii,  205. 

New  Jersey :  iron-mines,  xvii,  722 ;  xx,  215  ;  iron-ore  produc- 
tion, xvii,  722, 725, 727 ;  magnetic  concentration  at  Ogden  and 
Weldon  mines,  xix,  667 ;  Morris  county,  iron-ores,  xx  [132] ; 
review  of  iron-mining  industry,  xx,  215. 

Nc^v  Lebanon,  Columbia  county,  N*  Y.,  natural  gas,  xvi  [908]. 

New  Mexico,  coal-production  in  1887-88,  xviii,  124. 

New  Orleans  and  Curaren  Mining  Works,  Honduras,  C.  A.,  xx,402. 

New  Orleans,  La.,  United  States  Mint  at,  xvi,  83. 

Newport  blast-furnace,  Newport,  Eng.,  xvii  [756]. 

New  River  coals,  Greenbrier  county,  W.  Va.,  xvii,  119  rf  seq.; 
coking  coals,  xix,  1033 ;  xx,  257  et  seq, 

Nevr  River  and  Cripple  Creek  ore-belt,  Vii^nia,  xix,  1027. 

New  Rockland  slate-quarry,  Melbourne,  Quebec,  Can.,  xviii,  328. 

New  Shaft  coal-mine.  Warrior,  Jefferson  county,  Ala.,  xvii  [214]. 

New  South  Wales,  Australia,  production  of  gold-ore,  xx,  468. 

New  Stassfurt  salt-mine,  Prussia,  xx,  357  et  seq. 

New  System  for  Operating  Regenerative  Hot-Blast  Stoves  (Waix- 
wright),  xvii  [xlii],  680. 

New  System  of  Ore-Sampling  (Bridqman),  xx  [tciv],  416. 

Newton  on  structure  of  tin-bearing  veins  of  Black  Hills,  S.  Dak., 
xvii  [590]. 

Newton-Ulster  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii, 
167. 

New  York  City,  meetings  of  Institute  at :  February,  1889,  xvii, 
xxxi;  September,  1890,  xix,  m;  February,  1891  (annual),  xix, 
XXV ;  of  Iron  and  Steel  Institute,  October,  1890,  xix,  xxxL 

New  York:  geological  map,  xvi,  912;  iron-mining  industry  for 
past  decade,  xvii,  745 ;  iron-ore  production,  xvii,  721, 725, 727 ; 
natural  gas,  xviii,  294 ;  New  Croton  Aqueduct,  xix,  705  ;  pe- 
troleum and  natural  gas,  xvi,  906 ;  xviii,  244. 

New  York,  Honduras  and  Rosario  Mining  Co.,  gold  and  silver- 
mines,  Honduras,  C.  A.,  xx,  395. 
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New  York  iron-mine,  Marquette  county,  Mich.,  xvi,  173:  xvii, 

718. 
New  York  Mills,  Oneida  county,  N.  Y.,  gas-well,  xvi,  958. 
New  York  Mining  Law  (Raymond),  xvi  \xxviii\^  770. 
New  Zealand :  Magnetic  sands,  xvii,  737  ;  stamp-mill,  driven  by 

electricity,  xvii,  666,  667. 
Niagara  county,  N.  Y.,  natural  gas^  xvi,  910. 
Niagara  Falls;  future  of,  xvii,  836;  life-history,  xvii,  322;  never 

at  Lewiston,  xvii,  330 ;  rate  of  recession,  xvii,  333. 
Niagara  limestone :  near  Buffalo,  xvii,  398 ;  at  Niagara  Falls,  xvii, 

326  ei  seq, 
Niagara  River,  geology  of  adjacent  region,  xvii,  398. 
Nichols  copper-mine,  Quebec,  Can.,  xviii,  318. 
Nichols,  Edward  :  An  AluminMrn-Ore,  xvi  [ascr],  905 ;  analysis  of 

coal,  xvii,  217. 
Nickel:  analysis,  xvii,  637 ;  annual  production  of,  xviii,  289;  in 

Black  Hills,  S,  Dak.,  xvii,  582 ;  its  bleaching  effect  on  copper, 

xviii,  494 ;  in  Ontario,  Can.,  xvii  [294,  296,  298] ;  xviii,  279 ; 

at  Russell  Springs,  Logan  county,  Kan.,  xvii,  636 ;  in  the 

Transvaal,  Africa,  xviii,  347. 
Nickel  and  iron,  crystalline  sub-sulphide  of,  xvi,  117. 
Nickel-mines:  Pennsylvania:  Lancaster  county.  Gap,  xvi,  117; 

Canada:  Ontario;  Sudbury,  Copper  Cliff,  xviii,  281  et  seq; 

Evans,  xviii,  280, 283;  Stobie,  xviii,  280, 289;  New  Caledonia: 

xviii  [289]. 
Nickel-ore  in  Hiawassee  Valley,  xvi  [843,  847]. 
Nickel  sub-sulphide,  analyses  of,  xvi,  118. 
Nicola  coal  mine,  British  Columbia,  xviii,  315. 
Nigger  Hill  tin-vein.  Black  Hills,  S.  Dak.,  xvii,  689,  596,  786 ; 

xviii,  4. 
Nimikon  iron-mine,  Gogebic  range,  Mich.,  xvii  [719]. 
Ning  Hai,  China,  gold-district,  xix,  677. 
Niobrara  formation  in  Florence  oil-field,  Colo.,  xx,  449. 
Nitrates  and  nitrites  in  impure  water,  xvii,  345. 
Nitrogen  :  specific  heat,  xvii,  100 ;  weight  of  cubic  foot,  xvii,  100. 
Nitroglycerine,  comparative  tests  of,  xviii,  515. 
NiTZE,  H.  B.  C. :  Notes  on  Some  of  the  Magnetites  of  Southwestern  Vir- 
ginia and  the  Contiguous  Territory  of  North  Carolina,  xx  [Ztni], 

174. 
Noff  farm.  Alma  township,  Allegany  county,  N.  Y.,  oil  and  gas, 

xvi,  937. 
Nolan  et  at.  versus  the  Colorado  Central  Mining  Co.,  features  of 

the  case,  xvii,  796. 
Nonesuch  copper-mine.  Lake  Superior,  Mich.,  xix,  702. 
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Norian  rocks  in  the  United  States,  xix,  7. 

Normantown,  England,  electric  pumping-plant  at  St.  John's 
Colliery,  xviii,  422. 

Norrie  iron-mine,  Gogebic  range,  Mich.,  xvi,  IS&et  mq.;  xvii,  71S. 

Norris  Geyses  Basin,  Yellowstone  Park,  xvii,  547  et  seq. 

NoRRi»,  R.  Van  A. :  Centrifugal  VerUilators,  xx  [faiti],  637  ;  Note  on 
the  Friction  of  Mine- Oar  Wheds^  xviii  [xLviit\^  508. 

North  Birmingham  (see  also  Birmingham),  Ala. :  blast-furnaces, 
xvii,  61 ;  dolomite,  xvii,  61,  63 ;  visit  to,  xvii,  axcti. 

North  Carolina:  assay  value  of  pyrites,  xvii,  314  ;  auriferous  sul- 
phides, xvii,  313;  coal-production  in  1887-88,  xviii,  124; 
Cranberry  iron-mines,  Mitchell  county,  xix  [667] ;  xx,  179, 
224 ;  gold  product,  xvii,  314 ;  manufacture  and  consumption 
of  phosphoric  acid  fertilizer,  xvii,  85 ;  Stokes  county,  Magne- 
tite deposits,  XX,  174 ;  topography  and  geology  of  westeni, 
xvi,  839,  843. 

North  Carolina  rock,  phosphoric  acid  in,  xvii,  87. 

North  Chicago  blast-furnace,  Chicago,  111.,  xvii  [756], 

North  Chicago  rolling-mill,  Chicago,  111.,  xvii  [227] ;  xix,  969  ; 
XX,  255. 

Northeast,  Dutchess  county,  N.  Y.,  natural  gas,  xvi,  908. 

Northeastern  Steel  Co.,  Middlesbrough,  Eng.,  xvii  [86]. 

Northern  coal-fields  (bituminous),  Mich.,  xviii,  123,  124. 

Northern  Spy  silver-mine  and  mill,  Tiatic  district,  Juab  county, 
Utah,  xvi  [10, 18]. 

North  Lonsdale  blast-furnace,  Lancashire,  Eng.,  xvii,  756. 

North  Mexican  silver-mine.  Chihuahua,  Mex.,  xvi,  372. 

North  Old  Chum  gold-mine,  Victoria,  Australia,  xx.,  494. 

Northrup  &  Co.,  oil-wells,  Bolivar  township,  Allegany  county, 
N.  Y.,  xvi,  932. 

North  Star  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi 
[10]. 

Northwest  Coal  Co,,  Scranton,  Pa.,  use  of  locked- wire  rope  hoists 
by,  XX,  770. 

Northwestern  Colorado  Coed  Region  (Hewbtt),  xvii  [xxyi],  375. 

Northwestern  copper-mine.  Lake  Superior,  Mich.,  xix,  682. 

Norton  R.  Henry  ;  Notes  on  Coal-Mining  in  Oregon^  xix  [rttt],  23. 

Norway  iron-mine,  Menominee  county,  Mich.,  xvi  173  [525],  531 
et  seq,,  893  et  seq, ;  xvii  [718]. 

Norway  Iron- Works,  Boston,  Mass.,  visit  to,  xvi,  xxxmi. 

Nor^vell  &  Co.,  coal-mines,  Day's  Gap,  Walker  county,  Ala.,  xvii, 
210,  219. 

Nonvich,  Chenango  county,  N.,  Y.,  gas- well,  xvi,  958. 

Norwood  coal-mine,  Bledsoe  county,  Tenn.,  xvii  [47]. 
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Note  on  Arsenic  Determination  (Canby),  xvii  \xx{],  77. 

Note  on  Cast-Steel  Water-Jackets  (Terhune),  xvii  [xxm],  131. 

Note  on  the  Oultivation  of  Mushrooms  in  Abandoned  Mines  aJt  Ahron,  N. 

Y.  (Warren),  xvii  [icaJi?],  248. 
Note  on  the  Friction  of  Mine- Car  Wheels  (Norris),  xviii  [xlviii],  508. 
Note  on  Gold-Mining  and  Milling  in  Korea  (Pierce),  xviii   [xlvii], 

363. 
Note  on  the  Influence  of  Columbite  upon  the  Tin- Assay  (Carpenter  and 

Headden),  xvii  [xiit],  633  (for  discussion  see  page  785). 
Notes  on  the  Iron-Ores  of  Danville^  Pennsylvania,  With  a  Description  of 

the  Long-WaU  Method  of  Mining  Used  in  Working  2%ewi  (Stoek), 

XX  [Ixiv],  369. 
Note  on  the  Koepe  System  of  Winding  from  Shafts  (Harden),  xvii 

\xlii],  429. 
Note  upon,  a  Modification  of  the  Refining  Process  Used  by  the  Carbon 

Iron  Company  (Hunt),  xvii  [xliit]^  678. 
Note  on  the  Nickel- Ore  of   Russell  Springs,  Logan  county,    Kansas 

(Dewey),  xvii  [xxm],  636. 
Notes  on  a  N(wd  CabU-Trangfer  for  Railroad-Oars,  and  the  Use  of  the 

Locked- Wire  Rope  (Spilsbury),  xx  \lxii%\,  766. 
Note  on  Sampling  Iron-Ore  (Landis),  xx  [bcix],  611. 
Notes  on  Some  of  the  Magnetites  of  Southioestem  Virginia  and  the  Qm- 

tiguous  Territory  of  North  Carolina  (Nitze),  xx  ^Ivit],  174. 
Note  Upon  home  Results  of  the  Storage  of  Water  in  Arizona  (Blake), 

xvii  \xliit],  476. 
Note  on  a  Specimen  of  Gileonite from  Uintah  County,  Utah  (Raymond), 

xvii  [xxm],  113. 
Note  on  the  Use  of  Aluminum  in  the  Construction  of  Instruments  of 

Precision  (Blake),  xviii  [pcxxi],  503. 
Note  on  the  Use  of  Crude  Petroleum  as  Fuel  for  Raising  Steam  at 

the  South  Chicago  Works  (Potter),  xvii  [awxrit],  807. 
Notes  on  the  Additional  Diaphragm  in  the  Howdls  Roasting' Furnace 

(Goodale),  xviii  [xxi],  223. 
Notes  on  American  Cannel  Coed  (Macfarlane),  xviii  [xlvi{],  436. 
Notes  on   the  Bernice  Anthracite  Coed-Basin,    Sullivan    County,  Pa. 

(Claghorn),  xvii  [x^ii],  606. 
Notes  on  the  Bessemer  Pfocess  (Howe),  xix  [ocxxi],  1120. 
Notes  on  Coal-Mining  in  Oregon  (Norton),  xix  \yii%],  23. 
Notes  on  Some  Coals  in  Western  Canada  (Merritt),  xviii  [xxv],  313. 
Notes  on  the  Electrolytic  Assay  of  Copper  (Glenn),  xvii  [pdii],  406. 
Notes  on  the  Energy  and  Utilization  of  Fuel,  Solid,  Liquid  and  Oaseous 

(Taylor),  xviii  [xlviit],  859. 
Notes  on  the  Excavation  of  the  New  Croton  Aqueduct  (Carson),  xix 

[tnw],  705. 
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Notes  on  Fad-Gas  (Goetz),  xviii  [xim*],  609. 

Notes  on  the  Qeology  of  the  Aspen  Mining-District  (Newberry),  xviii 

[xxl  273. 
Notes  on  the  Qeology  of  Butte,  Montana  (Emmons),  xvi  [xviii],  49. 
Notes  on  the  Qeology  of  the  DeKaap  Qold-Helds   in   the  Draiisvaal 

(Furlonge),  xviii  [xlvit]^  334  (see  Errata  9J3). 
Notes  on  the  Qeology  and  on  Some  of  the  Mines  of  Aspen  Mountains, 

Pitkin  County,  Colo,  (Henrich),  xvii  [xsrii],  156. 
Notes  on  the  Gold-Deposits  of  Montgomery  Oounly,  Maryland  (Em- 
mons), xviii  \pdvii\,  391. 
Notes  on  the  Iron-Ores,  Fuels  and  Improved  Blast-Famace  Prajctice  of 

the  Birmingham  District  (Brainerd),  xvii  [pcxi%\,  151. 
Notes  on  the  Manufacture  of  Open-Hearth  Bridge-SUd  (Shed),  xviii 

[xarf],  88. 
Notes  on  a  New  Device  for  Operating  Blast-Fumace   Charging-Bdls 

(Roberts),  xvi  [xxocvi],  536. 
Notes  on  the  Progress  of  Mining  in  China  (Clark),  xix  [tx],  571. 
Notes  on  Recent  Improvemenis  in  German  Steelr-  Works  and  RoUing-MHU 

(Daelen),  xix  \vii%\y  523. 
Notes  on  the  Region  North  of  the  Vermilion  Lake  District,  in  British 

America  (Comstock),  xvi  [xxiv],  109. 
Notes  on  the  Republic  of  Colombia,  S.  A.  (Randolph),  xviii  [accFi], 

205.' 
Notes  on  the  Roasting  of  the  Hudson  River  Carbonates  (Olmsted), 

xvii  [xzri],  275. 
Notes  on  the  Rosario  Mine  ai  San  JuaneUo,  Honduras,  C.  A.  (Lbg- 

gett),  xvii  [xxvi],  432. 
Notes  on  the  Topography  and  Geology  of  the  Cerro  de  Pojsco^  Peru 

(Hodges),  xvi  [xxmtj,  729. 
Notes  on  the  Topography  and  Geology  of  Western  North  Carolina — 

The  Hiawassee  VaUey  (Coltos),  xvi  [xocxvii],  839.* 
Nova  Scotia :  Cambrian  gold  series,  xviii  [318] ;  coal  deposits, 

xvi,  138 ;   coal-production  in  1888,  xviii,  201 ;    geology  of, 

xviii,  198;  iron  manufacture,  xvi,  130. 
Nutall,  West  Virginia,  coals,  xix,  1033. 

O'Brien  Coal  Co.,  Corona,  Walker  county,  Ala.,  xvii,  210,  218. 
Occidental  tin-mine.  Black  Hills,  S.  Dak.,  xvii,  595 ;  xviii,  4,  54. 
Occuirence  of  Copper- Glance,  North  of  Lake  Huron,  vAth  Notes  on  the 

Structure  of  the  Locality  (Ives),  xviii  [xz],  72. 
Occurrence  and  Treatment  of  the  Argentiferous  Manganese   Ores  of 

Tombstone  District,  Arizona  (Goodale),  xvii  [xliii],  767  ;  xviii, 

910. 
Ocean  Wave  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  163. 
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Ocotillo  gold'mme>  San  Juancito,  Honduras,  C.  A.,  xvii  [447]. 

Odanah  iron-mine,  Gogebic  range,  Lake  Superior,  xvii  [719]. 

Odor  and  color  of  water,  terms  describing,  xvii,  340. 

Ofificers  of  the  Institute,  election  of :  xvi,  xxoci :  xvii,  xzodii  ;  xviii, 
Ixvi;  xix,  ocxv. 

Ogden  iron  mine,  Sussex  county,  N.  J.,  xix,  667 ;  xx,  223, 586. 

Ogden's  (Ogdenburg)  blast-furnace,  Sussex  countv,  N.  J.,  xx 
[216]. 

Ogina  copper-mine.  Lake  Superior,  Mich.,  xix,  702. 

Ohio :  available  tonnage  of  coal-fields,  xvii,  208 ;  blast-furnaces, 
XX,  256;  coal-production  in  1887-88,  xviii,  124,  133;  iron 
from  lean  ores  as  "softeners,"  xvii,  254;  iron-ore  product, 
xvii,  724,  725;  silicon-content  of  iron,  xvii,  254;  silicon- 
irons,  xvii,  258. 

Ohio  county,  Ky.,  coal  xvi  £582,  584]. 

Oil  08  a  Metallurgical  Fuel  (Pelton),  xvii  [ocxxii],  809. 

Oil-bearing  zone,  Florence  oil-field,  Colo.,  thickness  of,  xx,  454, 

Oil  City,  Venango  county.  Pa.,  petroleum,  xvi  [906]. 

Oil  compared  with  other  fuels,  xviii,  859. 

Oil-fields :  Colorado :  Fremont  county ;  Florence,  xx,  442 ;  New 
York :  Allegany  county,  xvi,  906, 927. 

Oil-fuel  in  open-hearth  process,  xix,  164. 

Oil-sands,  capacity  of,  xvi,  915. 

Oil-springs:  New  York:  Allegany  county  ;  Cuba,  xvi  [906],  908. 

Oil  versus  coal  in  the  puddling-furnace,  xvii,  808. 

Oil-wells  :  Colorado :  Fremont  county  ;  xx,  446,  457 ;  New  York  : 
Allegany  county ;  Alma  township,  Central,  xvi,  932;  Duke  & 
Norton,  xvi,  932;  Homestead,  xvi,  932 ;  Honeoye,  xvi,  929; 
McCalmont  Oil  Co.,  xvi,  932;  Noff,  xvi,  937 ;  Pike,  xvi,  937 ; 
Pikeville,  xvi,  930, 932 ;  Royal  Oil  Co.,  xvi,  932 ;  Triangle,  xvi, 
930,  932;  Wycoff,  xvi,  930,  932;  Bolivar  township,  Anderson, 
xvi,  934,  936,  937 ;  Campbell,  xvi,  932,  934 ;  Charring  Oil  Co., 
xvi,  932 ;  Chase  and  Mallory,  xvi,  934 ;  Crandall,  xvi,  937  ; 
Dunham,  xvi,  937;  Fisher,  xvi,  932, 934  :  Fitzgerald,  xvi,  936; 
Ford,  xvi,  937 :  Glycerine  Lot,  xvi,  937  ;  Goodrich,  xvi,  936 ; 
Howe,  xvi,  934,  937;  Klinger,  Plumber  &  Moran,  xvi,  932; 
Mutual  Oil  Co.,  xvi,  932;  Northrup  &  Co.,  xvi,  932;  Phillips, 
xvi,  937  ;  Pliny  Parker,  xvi,  932;  Sawyer,  xvi,  934,  936,  937  ; 
Taylor,  xvi,  932 ;  Waugh  &  Porter,  xvi,  927  et  seq. ;  Wetherby, 
xvi,  937 ;  Willett,  xvi.  932;  Wiser  &  Kincaid,  xvi,  934,  937  ; 
Clarksville  township,  Adams,  xvi,  934 ;  Smith,  xvi,  934 ; 
Springer,  xvi,  936 ;  Fitz,  xvi,  934 ;  Genesee  township.  Armour 
&  White,  xvi,  928, 933 ;  Bullock,  xvi,  935 ;  Cranston,  xvi,  928 ; 
.     Davis,  xvi,  928,  933 ;    Davis  &  Haldeman,  xvi,  928,  933 ;   Gil- 
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Christ,  xvi,  934;  Green,  xvi,  934,  935;  Hardison,  xvi,  934; 
Merritt,  xvi,  936 ;  School  House,  xvi,  936 ;  Stillman,  xvi,  934, 
935,  936 ;  WiUetts,  xvi,  933 ;  Young,  xvi,  934,  935 ;  Murphy, 
&  Baeele,  xvi,  934 ;  Independence  township,  xvi,  929  ;  xviii, 
295 ;  Lesker,  Jordan  &  Co.,  xvi,  934 ;  Scio  townspip,  Allen  & 
Noble,  xvi,  932 ;  Neff,  xvi,  932 ;  Riley  Allen,  xvi,  932 ;  Stives, 
xvi,  934;  West  township,  Drumb,  xvi,  937 ;  Flanigan  &  Cheese- 
man,  xvi,  932;  Flanigan  &  Saunders,  xvi,  932;  Knox,  xvi, 
936  ;  Morse  &  Williams,  xvi.  932;  Taylor  &  Humphrey,  xvi, 
932 ;  Wright,  xvi,  937 ;  Ontario  county ;  Canandaigua  Lake, 
xvi,  949 ;  Pemisylvania :  McKean  county  ;  Bradford,  xvi,  906. 

Olancho  Exploration  Co.,  Honduras,  C.  A.,  xx,  405. 

Old  Abe  shaft,  Homestake  gold-mine.  Black  Hills,  S.  Dak.,  xvii 
[576]. 

Old  Bed  iron-mine,  Port  Henry,  Essex  county,  N.  Y.,  xvii,  721, 
739  et  seq. ;    xviii,  750 ;  xx,  577  ei  seq,,  599. 

Old  Chum  gold-mine,  Victoria,  Australia,  xx,  466  et  seq. 

Old  Dominion  Copper  Co.'s  copper-mines,  Globe  district,  Ariz^ 
xix.,  689. 

Old  Faithful  geyser,  Yellowstone  Park,  xvii,  546, 547. 

Old  Shaft  coal-mine.  Warrior,  Jefferson  county,  Ala.,  xvii  [214], 

Old  Telegraph  Miney  Utah  (Lavagnino),  xvi  [xvit],  25 

Old  Telegraph  silver-lead-mine,  Bingham  Caflon,  Salt  Lake  City, 
Utah,  xvi,  11,  25  [19]. 

Olefiant  gas :  value  as  fuel,  xvii)  99 ;  weight  of  cubic  foot,  xvii, 
100. 

Oliver,  Gen.  Paul  A.,  "  camp-fire  "  reception  at  Laurel  Run,  in 
connection  with  Glen  Summit  Meeting,  October,  1891,  xx 
Ixviii. 

Oliver  Iron  and  steel  Co.,  Pittsburgh,  Pa.,  visit  to  works  of,  xix, 
a;xti;. 

Oliver  and  Roberts  Wire  Co.,  Pittsburgh,  Pa.,  visit  to  works  of, 
xix,  xxiv. 

Olmsted,  Ingebsoll  :  The  DisttibxUion  of  Phosphorus  in  the  Hudson 
River  Carbonates^  xviii  [xrfl,  252 ;  Notes  on  the  Roasting  of  the 
Hudson  Rivier  CarbmmteSy  xvii  [jKm],  275. 

Oneida  county,  N.  Y.,  natural  gas,  xvi,  909. 

Onondaga  formation  :  in  New  York :  xvii  [250,  325,  327,  398] ; 
in  Ontario,  Can.,  xvii  [299,300]. 

Onondaga  salt-wells,  Onondaga,  New  York,  xvii  1110]. 

Onslow  iron-mine,  Nova  Scotia,  xviii  [202J. 

Ontario,  Can. :  geological  formation,  xvii,  294 ;  geology  of  iron- 
district,  xix,  29 ;  gold  and  silver  tellurides,  xviii,  439;   iron 
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manufacture,  xvi,  130;  magnetites,  xix,  28;  minerals,  xvii, 
293;  natural  gas,  xviii,  290;  occurrence  of  copper-glance, 
xviii,  72. 

Ontario  county,  N.  Y.,  natural  gas,  xvi,  909,  947. 

Ontario  Gas  and  Improvement  Co.,  Ontario  county,  N.  Y.,  gas- 
wells^  xvi,  948. 

Ontario  gold-mine.  Summit  county,  Colo.,  xviii,  452. 

Ontario  silver-mine  and  mill,  Park  City,  Summit  county,  Utah, 
xvi,  4  et  seq.y  35,  372  et  seq.,  835 ;  visit  to,  xvi,  xxii, 

Ontario,  Wayne  county,  N.  Y.,  gas- well,  xvi,  944,  947. 

On  the  Darby  Process  of  RecarburizcUion  (Thielen),  xix  [xxiit],  790. 

Oolitic  limestone,  asphalt,  xvii  [374]. 

Open-hearth  blast-furnace  with  differential  hot-blast  stove,  xvii, 
132. 

Open-hearth  bridge-steel,  manufacture  of,  xviii,  88. 

Open-hearth  furnace:  at  Croton  magnetic  iron-mine,  xx  [117]; 
oxidizing  power  of  flame,  xx,  113;  technical  terms  relating 
to,  in  English,  French  and  German,  xvi,  314;  use  of,  in  direct 
process,  xix,  845  et  seq. 

Open-hearth  process :  carburizing  apparatus  for,  xix,  791  ;  charg- 
ing-machinery,  xix,  313;  extent  of,  in  England,  xix,  831; 
Henderson,  xvii,  60;  Imperatori,  xx.  111;  improvements  in, 
xvi,  693 ;  methods  of  comparing  the  economy  of  producer- 
practice,  xix,  136 ;  physical  and  chemical  equations  of,  xix, 
128 ;  XX,  227 ;  practice  in  Germany,  xix,  374,  533,  537 ;  prac- 
tice at  Phoenixville,  Pa.,  xviii,  88 ;  table  of  results  of  carbu- 
rizing metal  by  Darby  process,  xix,  803 ;  use  of  solid  carbon 
in,  xvii,  678. 

Open-hearth  steel :  armor  of,  xix,  647,  653 ;  Bofors  cast  guns  of, 
xvi,  557 ;  boiler-plates  of,  xix,  856 ;  xx,  705 ;  physical  tests  of, 
xviii,  90 ;  shafting  of,  xix,  871 ;  ship-plates  of,  xix,  646 ;  speci- 
fications and  tests  for,  xix,  917;  xx,  685,  et  seiq.;  spirally 
welded  tubes  of,  xix,  1115. 

Ophir  Caflon,  Tooele  county,  Utah,  silver-lead-mine,  xvi  [6],  15. 

Opoteca  gold-  and  silver-mine,  Honduras,  C  A.,  xx,  396. 

Oquirrh  range,  Juab  county,  Utah,  silver-lead-mine,  xvi,  5. 

Ore-chutes  (see  also  ore-deposits),  at  Iron  Hill,  Colo.,  xviii,  156, 

Ore-crushing  (see  also  Blake  crusher,  Gates  crusher,  Cornish 
rolls,  etc.) :  influenced  by  nature  of  the  rock,  xviii,  257  ;  with 
removal  of  rich  telluride  dust  by  air-blast,  xviii,  445 ;  practice 
in  Maryland  tin-district,  xviii,  401. 

Ore-deposition,  diverse  forms  of,  at  Bendigo  gold-field,  Australia, 
XX,  498 ;  by  metasomatic  interchange  in  Tombstone  district, 
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Ariz.,  xviii,  910 ;  theories  of,  gold,  xx,  138  et  seq.,  475  et  seq. ; 
manganese,  xx,  49 ;  tin,  xx,  66. 

Ore-deposits :  genesis  of,  xvi,  804  et  aeq,;  gold,  xx,  133,  394,463; 
iron,  177  et  seq.,  211,  215,  369,  696,  603;  manganese,  xx,  46; 
tin,  XX,  50 ;  of  Iron  Hill,  Leadville,  Colo.,  xviii,  145 ;  limonite 
in  process  of  formation  in  Colorado,  xviii,  268 ;  origin  of,  at 
Iron  Hill,  Colo.,  xviii,  173;  of  Ouray,  Colo.,  xviii,  453;  rela- 
tions of,  to  intrusive  dikes,  xviii,  154 ;  sedimentary  zinc,  in 
Rush  Creek,  Ark.,  xviii,  505 ;  stripping,  xviii,  627 ;  structural 
relations  of,  xvi,  804 ;  of  Sudbury,  Can.,  xviii,  278. 

Ore-Depoidts  of  the  Black  Hills  of  Dakota  (Carpenter),  xvii  [x/ttj,  570. 

Ore-Deposits  of  Bed  Mountain,  Ouray  County,  Colorado  (Schwabz), 
xviii  [xx],  139. 

Ore-dressing  (see  also  concentration,  ore-crushing,  milling,  etc.) : 
of  carbonate  zinc-ore  in  Arkansas,  xviii,  507 ;  practice  and  cost 
of,  at  Desloge  Lead  Co.'s  old  mill.  Bonne  Terre,  Mo.,  xviii, 
263;  falling  velocity  of  various  minerals  by  Rittinger's 
formula,  xviii,  644. 

Ore-Dressing  by  Electricity  at  the  Tilly  Foster  Mine  (McDowell),  xix 
\yiq,  71. 

Ore-feeders  in  use  in  Black  Hills  stamp-mills,  xvii,  512. 

Oregon:  coal-mining  in,  xix,  23;  coal-production  of  1887-88, 
xviii,  124. 

Oregon  pine  best  material  for  lixiviation-tanks,  xx,  3. 

Ore  Hill,  Lake  Superior,  Can.,  magnetic  iron-ore,  xvi,  188. 

Ore  Knob  copper-mine,  Ashe  county,  N.  C,  xix,  694. 

Ore-  and  Matte- Boasting  in  Utah  (Terhune),  xvi  [xmt],  18. 

Ore-process  as  practiced  in  England,  conditions  of,  xx,  112. 

Ore-roasters  (see  also  kilns),  Davis-Colby,  xviii,  303. 

Ore-roasting  at  Potosl,  Bolivia,  xix,  100. 

Ores  (see  the  metals). 

Ores  of  Black  Hills,  S.  Dak. :  formation  of  ore-beds,  xvii,  573 ; 
gold,  xvii,  498. 

Ore-sampling  :  by  machinery,  new  system  of,  xx,  416 ;  without 
use  of  machinery,  xx,  155. 

Ore-separator:  Buchanan  magnetic,  xvii,  737;  Conkling  mag- 
netic, xvii,  739;  Edison  magnetic,  xvii,  741  etseq.;  Monarch 
magnetic,  xvii,  740 ;  Wenstrom  magnetic,  xvii,  599,  738. 

Ore-sizing  (see  also  ore-dressing)  at  Copper  Cliff  mine,  Sudbury, 
Ontario,  Can.,  xviii,  282. 

Ore-washing  in  Virginia,  xix,  1029. 

Orford  Copper  Co.,  New  York,  xvii  [408,  410]. 

Organic  remains,  copper  deposits  on,  xvii  [483]. 
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Organos  silver-mine,  dept.  of  Tolima,  Colombia,  S,  A.,  xviii,  212. 

Original  copper-mine,  Butte,  Mont.,  xix,  690. 

Oriskany  brown  iron-ores,  Alleghany  county  Va.,  xix,  1018. 

Oriskany  sandstone:  in  Greenbrier  county,  W.  Va.,  xvii,  118, 
120;  the  ore-bearing  formation  of  Virginia,  xvii,  119 ;  replaced 
with  brown  hematite  ore  in  Longdale  Mines,  Va.,  xx,  97. 

Orita  gold-mine,  Colombia,  S.  A.,  xviii,  211. 

Ormsby  coal-mine,  Mercer  county,  Pa.,  xvi,  541. 

Oro  Pino  gold-mine.  Black  Hills,  S.  Dak.,  xvii,  586. 

Oronogo  lead-deposits,  Jasper  county.  Mo.,  xviii,  676. 

Orton,  Edward,  Jr.,  and  Keep,  W.  J. :  Ferro-Silicmi^  aiid  the  Earn- 
ornyofits  Use^  xvii  [rem],  253. 

Orton,  Edward,  Jr.,  Keep,  W.  J.,  and  Fleming,  H.  S.  :  Silicon  in 
Cast-iron,  xvii  [xlit],  683. 

Orton,  Prof. :  analyses  of  ferro-silicon  and  pig-iron,  xvii,  255 ;  on 
gas-producing  limestone  in  eastern  Ohio,  xvi,.  914. 

Osage  Coal-Mining  Co.,  Krebs,  Indian  Territory,  xviii,  657. 

Osceola  copper-mine,  Lake  Superior,  Mich.,  xvi,  191 ;  xix,  685. 

Osmic  acid,  used  in  exammation  of  impure  waters,  xvii,  347. 

Osmond,  F.,  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 
aluminum-steel,  xix,  1080. 

Osvrego  county,  N.  Y.,  natural  gas,  xvi,  958. 

Otis  Iron  and  Steel  Co.,  Cleveland,  0.,  basic  open-hearth  steel 
manufacture,  xvi,  726. 

Ottawa  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  159,  163. 

Cftto  aerial  wire  ropeways,  xix,  761. 

Otto  on  phosphate-slag,  xvii  [89]. 

Ouled  Kebbah  salt-mine,  Algeria,  xvii  [110]. 

Ouray  county,  Colo. :  bedded  ore-deposits,  xvi,  570 ;  Red  Moun- 
tain ore-deposits,  xviii,  139, 453. 

Outlet  for  precipitates  for  lixiviation-plant,  xx,  7, 

Oxford  blast-furnace,  Warren  county,  N.  J.,  xx,  216  et  seq. 

Oxford  Iron  and  Nail  Co.,  Oxford,  N.  J.,  xviii  [214,  215]. 

Oxidizing  muffle-roasts,  bases  of  silver  by  volatilization  in,  xvii  6. 

Oxygen :  amount  required  to  eliminate  silicon,  carbon  and  man- 
ganese from  pig-iron,  xx,  113 ;  weight  of  cubic  foot,  xvii,  100, 

Oyster  shells :  analysis,  xvii,  471 ;  used  at  Muirkirk  furnace,  Md., 
as  flux,  xvii,  467. 

Ozocerite,  classified  among  hydrocarbons,  xviii,  582. 

Pachito  gold-  and  silver-mine,  district  of  Libano,   republic  of 

Colombia,  S.  A.,  xvi,  305. 
Pacific  Coast  coal-field  (bituminous),  xviii,  123, 124. 
Packer  No.  5  coal-mine,  Rappahannock,  Schuylkill  county,  Pa.,  xx 

[658]. 
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Page,  W.  N.  :  Goal  Transfer  of  the  ML  Carbon  Company^  Limiiedj  x  vii 

[xlii],  454 ;    T%€  Glenmore  Iron  Estate^  Oreenbrier  county,  Weit 

Virginia^  xvii  [xxv],  115, 
Painter  farm,  Clarksville  township,  Allegany  county,  N.  Y.,  gas- 
wells,  xvi,  936. 
Paint  River  iron-mine,  Menominee  range,  Mich.,  xvii  [629], 
Paint' Ore  Mines  at  Lehigh  Gap  (Hesse),  xix  [tx],  321. 
Palscozoic  formation :  Aspen,  Colo.,  xvii,  163  et  seq. ;  Black  Hills, 

S.  Dak.,  xvii,  572 ;   in  New  York,  xvi,  910 ;  in  Tombstone, 

Ariz.,  xvii  [768]. 
Palmer  Hill  iron-mine;  Clinton  county,  N.  Y.,  xvii  [747]. 
Palmerston  township,  Ontario,   Can.,  magnetic  iron-ores^  xvi, 

140. 
Pan-amalgamation   process  for   treating  gold-  and  silver-ores 

(Washoe  process),  xix,  202.  ^ 

Pankakoski,  Finland,  Husgafvel  furnace  at,  xvi,  336. 
Panter  coal-mine,  Bledsoe  county,  Tenn.,  xvii  [47]. 
Pardee,  I.  P.,  on  cost  of  roasting  ore,  xx  [595], 
Pardee  coal-bed,  Mercer  county,  Pa.,  xvi,  539  et  seq. 
Park  City,  Utah,  visit  to,  xvi,  xzii. 
Park  county,  Colo.,  iron-resources,  xviii,  268. 
Parker,  Richard  A.,  on  hand  separation  of  iron-ore  at  Champion 

mine,  Marquette  region,  Mich.,  xvii,  729. 
Park  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  167. 
Parley'^s  Park  silver-mine,  Uintah  district.  Summit  county,  Utah, 

xvi,  15. 
Parral,  Chihuahua,  Mex. :  silver-ores,  xvi,  436,  452 ;  expenses  for 

treatment  of  tailings  by  Russell  process,  xvi,  457. 
Parrott  copper-mine,  Butte,  Mont.,  xix,  690. 
Parrott  silver-mine,  Butte,  Silver^  Bow  county,  Mont.,  xvi,  54; 

visit  to  mine  and  smelter,  xvi,  xacii. 
Parsons :  jigs  at  Bonne  Terre,  Mo.,  xvii,  662 ;  ore-feeder  at  Bonne 

Terre,  Mo.,  xvii,  669. 
Parsons-Rittinger  tables,  xvii,  662, 675. 
''  Parting  Quartzite  "  at  Leadville,  Colo.,  xvii,  164. 
Passaic  Rolling-Mill,  Paterson,  N.  J.,  visit  to,  xix,  xvi. 
Passaic  Zinc  Co.,  Hudson  county,  N.  J.,  visit  to  works,  xix,  xm. 
Patents,  United  States  mining,  xviii,  182, 881. 
Patterson  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas-well, 

xvi,  936. 
Patton,  Walker  county,  Ala.,  coal-mines,  xvii,  210,  218,  219. 
Paul,  Almarin  B.,  inventor  of  Washoe  process,  xix,  196. 
Pavement :    asphalt,  xvii,  355  et  seq, ;  asphaltic  rock,  in  Paris, 

France,  xviii,  577;  asphalt  mastic,  area  of  in  Paris,  xvii,  362; 

preparation  of  asphalt  mastic,  xvii,  361. 
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••  Pea-and-dust/*  xx,  615. 

Pea-coal,  Drifton,  Pa.,  xx,  614. 

Pearce,  Richard  :  Association  of  Gold  With  Other  M^tah  in  the  West, 
xviii  [pexxi],  447 ;  The  Association  of  Minerals  in  the  Oagnon  Vein, 
Butte  City,  Montana^  xvi  [xviii],  62 ;  Progress  of  Metallurgical 
Science  in  the  Wed,  xviii  [xviit],  55 ;  remarks  in  discussion  of 
Mr.  Armitage's  paper  on  concentration  of  low-grade  ores,  xviii 
261 ;  of  Mr.  Groodale's  paper  on  the  argentiferous  manganese 
ore?  of  Tombstone,  Ariz.,  xvii,  774 ;  discovered  tin  in  Black 
Hills,  S.  Dak.,  in  1877,  xvii,  588 ;  method  of  arsenic  determina- 
tion, xvii  77  -J  on  tin-deposits  of  Cornwall,  xvi,  57. 

Pearsall,  H.  D.  :  An  Improved  System  of  Water  Supply  for  Hydraulic 
Mining,  xvi  [xxxm],  602, 

Pechin,  Edmund  C.  :  The  Iron-  Ores  of  Virginia  and  their  Development, 
fix  [zxzii^,  1016 ;  remarks  in  discussion  of  Mr.  Adams's  paper  on 
first  iron  blast-furnaces  in  America,  xx,  210;  of  American  blast- 
furnace practice,  xx,  266, 269, 278 ;  of  Mr.  Gordon's  paper  on 
large  furnaces  on  Alabama  material,  xvii,  146 ;  of  Mr.  Keep's 
paper  on  manganese  in  cast-iron,  xx,  316 :  of  Mr.  Nitr^e's  paper 
on  magnetites  of  Virginia  and  North  Carolina,  xx,  185 ;  of  Prof. 
Smock's  paper  on  iron  mining  in  New  Jersey,  xx,  224 ;  resolu- 
tion proposed  at  New  York  meeting,  xvii,  xlii, 

Peckham,  Prof.,  on  petroleum  and  gas  in  southern  California,  xvi, 
914. 

Peclct  on  chimney  draught,  xvii  [81]. 

Peculiar  Working  of  a  Blast-Purnace  (Wittmann),  xviii  [xlvii],  427. 

Peculiarity  of  ore-deposit  at  Mount  Morgan  gold-mine,  Queens- 
land, XX,  145. 

Penang  tin,  xx,  82. 

Pencost  ferro-silicon  :   xvii,  257,  258,  684 :    analysis  of,  xvii,  255. 

Peninsula  copper-mine.  Lake  Superior,  Mich.,  xix,  702. 

Pennington  county,  S.  Dak.,  gold-ores,  xvii,  578  et  seq. 

Penn  Iron  Mining  Co.,  Norway,  Mich.,  xvi.,  529, 895 ;  xx,  188. 

Penn  Mobile  Coal  Co,  Corona,  Walker  county,  Ala.,  xvii,  210. 

Pensylvania:  anthracite  coal,  xvi,  307  ;  availabletonnageof  coal- 
field, xvii,  208;  Bernice  coal-basin,  xvii,  606;  bituminous  coal, 
xvi,  539;  coal-production  in  1887-88,  xviii,  123  et  seq. ;  coal- 
production  for  the  past  seventy  years,  xx,  410;  Cornwall  iron- 
ore  banks,  xvii,  720:  iron-ore  product,  xvii,  725,  727;  Loyal- 
sock  Mahoopany  coal-fields,  xvii,  607 ;  miners'  wages  in  1888, 
xviii,  122 ;  Montour  county,  iron-ores,  xx,  369  oil-  and  gas- 
sands,  xvi,  938;  production  of  anthracite  pig-iron  and  coke- 
iron  in  1872,  1880  and  1889,  xix,  962;  Western-Northern  an- 
thracite coal-fields,  xvii,  607. 
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Pennsylvania  Steel  Co.'s  iron-mines,  xx  [175,  186];  works  at 
Steelton,  Pa.,  xvii,  160,  227,  809. 

Penn  Yan,  Yates  county,  N.  Y.,  gas-well,  xvi,  959. 

Pcnoles  silver-mine.  Department  del  Centre,  Mex.,  xvi,  460. 

Pepper  iron-mine  (magnetite),  Stokes  county.  N.  C,  xx,  185. 

Pequest  iron  mine,  Warren  county,  N.  J.,  xx  [222]. 

Percy,  Prof.  John,  on  gold  and  silver,  xvii,  5,  7,  31. 

Perkins,  Geo.  H.,  inventor  of  tin-scrap  nail-machine,  xvii,  496. 

Perkins  iron  mine,  Menominee  county,  Mich.,  xvi,  173 :  xvii  [718]. 

Pernolet,  on  grains  of  solids  falling  freely  in  water,  xvii,  640. 

Peru,  mining  belt  of,  xvi.  729. 

Peters,  E.  D.,  Jr. :  The  Sudbury  Ore-Deposits,  xviii  [xxvi],  278. 

Peters  iron-mine,  Ringwood,  N.  J.,  xviii,  627. 

Petite  Anse  SaU-Mine  (Pomeroy),  xvii  [xx/f],  107. 

Petrolene,  xvii  [362]. 
.  Petrolene  and  asphaltum,  xvi,  164. 

Petroleum  (see  also  oil-wells) :  xvii,  357,  358 ,  annual  produc- 
tion in  the  United  States,  xx,  413 ;  classified  among  hydro- 
carbons, xviii,  582 ;  of  Florence  oil-field,  Colo.,  character  of, 
XX,  460;  in  Fremont  county,  Colo.,  xx,  443;  in  Ontario,  Can., 
xvii,  294,  298,  299;  as  preventive  of  boiler-scale,  xvii,  353; 
relation  of,  to  natural  gas,  xviii,  291 :  in  western  New  York, 
xviii,  294;  as  fuel:  xviii,  875  ;  in  blast-furnace,  xvii,  97 ;  for 
raising  steam,  xvii,  807  ;  value  of,  xvii,  99. 

Petroleum  and  Naturai  Gas  in  New  York  State  (Ashburner),  xvi  [acti»], 
906. 

Petrozavodsk  iron-works,  Lake  Onega,  Russia,  xvi,  354. 

Pettee,  William  H.  :  Biographical  Notice  of  Byron  W.  CheevcTy  xvi, 
888 ;  xvii  \xix\ 

Petzite  (telluride  of  gold  and  silver),  analysis  and  treatment  of, 
at  Huronian  mine,  Ontario,  Can.,  xviii,  439. 

Pewabic  copper-mine.  Lake  Superior,  Mich.,  xix,  683. 

Phelps,  William  F.,  address  of  welcome  at  Duluth,  Minn.,  xvi, 
xxip. 

Philadelphia,  Pa.,  United  States  mint  at,  xvi,  83. 

Philadelphia  and  Reading  Coal  and  Iron  Co.,  ventilating-fans  in 
coal-mines  of,  xx,  664. 

Philadelphia  and  Reading  Railroad  Co.'s  iron-mines,  Danville, 
Pa.,  XX,  370. 

Philadelphia  Scale  and  Testing  Works,  Penn.,  xvii  [460]. 

Philadelphia  Smelting  and  Refining  Co ,  Pueblo.,  Colo.,  visit  to 
works,  xviii,  xjd. 

Phillips  farm,  Bolivar  township,  Allegany  county,  N.  Y.,  oil-wells, 
xvi,  937. 


/ 
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Phillips,  William  B.  :  The  CMorination  nf  Low-Grade  AuriferouB 
Sulphides,  xvii  [xxinj,  313 ;  Phosphate-Slag ,  xvii  [pnx],  84  ;  on 
cost  of  roasting  gold-ores  at  Phoenix  mines,  N.  C,  xvii,  541. 

Phillips,  W.  B.  and  Thies,  A. :  The  Thies  Process  of  Treating  Low- 
Grade  Auriferous  Sulphides  at  the  Haile  Oold-Mvne,  Lancaster 
county  J  South  Carolina,  xix  [ix],  601. 

Phcsnix  copper-mine,  Lake  Superior,  Mich.,  xix,  682. 

Phcenix  gold-mines.  Cabarrus  county,  N.  C,  xvii,  314  et  seq.,  541 ; 
xix,  601  et  seq. 

Phoenix  Iron  Co.,  Berks  county.  Pa.,  magnetic  concentration,  xvii 
[743]. 

Phoenix  Iron  Co.,  Phcenixville,  Chester  county.  Pa.,  xviii,  88. 

Phcenix  Steel  works,  Ruhrort,  Germany,  xix,  369, 798. 

Phosphates ;  as  fertilizers,  consumption  of,  in  United  States,  xvii, 
85 ;  list  and  occurrence  of  commercial,  xviii,  649. 

Phosphate  of  lime  in  Ontario,  Can.,  xvii  [294,  298,  299]. 

Phosphate-Slag  (Phillips),  xvii  [xix]^  84. 

Phosphate-Slag:  composition  of,  xvii,  89;  as  fertilizer,  xvii,  84 
et  seq, ;  xviii,  652 ;  xx,  584. 

Phosphatic  iron-ores  in  Southern  States,  xvii  [85]. 

Phosphatic  minerals  in  Black  Hills,  S.  Dak.,  xvii  [592]. 

Phosphide  of  iron  used  in  making  test-bars,  xviii,  458. 

Phosphor-bronze :  bearing-metal,  xix,  902 ;  for  propellers,  xviii, 
485. 

Phosphoric  acid :  in  Canadian  apatite,  xvii,  87 ;  in  Charleston 
rock,  S.  C,  xvii,  87 ;  determination  of  in  basic  sli^,  xviii, 
91 ;  influence  of,  on  the  precipitation  of  iron  in  electrolytic 
determination  of  aluminum,  xx,  246;  in  Navassa  rock,  xvii, 
87 ;  in  North  Carolina  phosphate  rock,  xvii,  87  ;  in  pig-iron 
and  slag  from  German  works,  xvii,  92. 

Phosphoric  fertilizers :  ^^  available  "  phosphoric  acid  in,  xvii, 
88  ;  a  new  source  of  supply,  xvii,  84. 

Phosphorus :  in  Alabama  iron-ores^  xvii»  91, 153 ;  amount  admis- 
sible in  steel  rails,  xvii,  425 ;  in  basic  open-hearth  charge,  xvi, 
724  ;  distribution  of,  in  Hudson  River  carbonates,  xviii,  252 ; 
in  the  Ludington  mine,  Iron  Mountain,  Mich.,  xvii,  616; 
determination  of,  xvii,  750;  determination  of,  in  iron  and 
steel,  xvii,  100;  xviii,  90;  determination  of,  in  pig-iron,  by 
acetate  method,  xix,  131 ;  effect  of,  on  cast-iron,  xviiii,  458 ; 
in  ferro-silicon,  xvii,  256 ;  in  Georgia  iron-ores,  xvii,  91 ;  in 
Hudson  River  carbonates,  xvii,  276 ;  hurtful  effect  of,  in  pig- 
iron  for  steel-making  purposes,  xix,  849 ;  influenced  by  pres- 
ence of  jasper  in  Ludington  mine,  xvii,  625,  627;  influence  of 
silicon  on  determination  of,  in  iron,  xviii,  90,  709 ;   in  iron, 
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Phosphorus — Contitiued. 

xvi,  269 ;  in  iron-ores,  Lake  Champlain  region,  xvii,  721 ;  in 
iron-ores,  Ontario,  Can.,  xvii  [299] ;  in  Michigan  hematite, 
xvii  [752] ;  in  New  Jersey  iron-ores,  xvii  [722] ;  percentage 
of,  in  the  residues  from  bar-iron  And  pig-iron,  xvi,  270 ;  in 
pig-iron,  Birmingham,  Ala.,  xvii,  96;  removed  from  iron-ores 
by  carbon  dfoxide,  xvii,  629;  in  steel  rails,  xvii,  783;  in 
Tennessee  iron-ores,  xvii,  91 ;  in  Virginia  iron-ores,  xvii,  122. 

Phosphorus  in  Cast-iron  (Keep),  xviii  [xxv],  458. 

Phosphorus  in  Pig-Iron,  Sled  and  Iron-Ore  (Jones),  xviii  [xiiTti],  705. 

Photographic  and  Co-ordinaie  Surveying  (Stanley),  xx  [fartr],  740. 

Photographing  the  Interior  of  a  Goal-Mine  (Dewey),  xvi  [xzv],  307. 

Phyllitc  in  Black  Hills,  S.  Dak.,  xvii  [498,  574]. 

Physical  and  Chemical  Equations  of  the  Open-Hearth  Process  (Camp- 
bell) xix  [viii],  128;  discussion  of,  xx  [ltn£],  227. 

Physical  and  chemical  tests  of  steel,  xvi,  599,  728. 

Physical  properties  :  of  albertite,  xviii,  568;  of  Grahamite,  xviii, 
571 ;  of  Uintaite,  xviii,  572;^of  Wurtzilite,  xviii,  498. 

Physical  Properties  of  Some  of  the  Alloys  of  Manganese,  Copper  and 
Aluminum  (Cowles),  xviii  [rim^,  494. 

Picking  chutes  for  coal,  xix,  418. 

Pictou  county,  Nova  Scotia:  bog  iron-ore,  xviii,  200;  coal-field, 
xvi,  137,  139 ;  xviii,  201 ;  red  hematite,  xviii,  203. 

Picrce-Warrior  Coal  Co.,  JeflTerson  county,  Ala.,  x\4i,  210, 214. 

Pierce,  Willard  Ide  :  La  Plata  del  Libano  Mines,  Department  of 
Tolvma,  Republic  of  Colotnbia,  Soulh  America^  xvi  [xxxm],  301 ; 
Note  on  Gold-Mining  and  Milling  in  Korea,  xviii  [x/t?tt],  363. 

Pierre  formation  in  Florence  oil-field,  Colo.,  xx,  450. 

Pietzke  puddling-furnace,  xix,  356. 

Pig-and-ore  process  for  steel  manufacture,  xvi,  718,  725 :  xx,  112. 

Pig-iron  (see  also  iron  and  cast-iron) :  analyses,  xvii,  255,  472, 
473;  xix,  988;  comparative  cost  of  pig-iron  and  blooms  at 
Wartsila,  Finland,  xvi,  344 ;  converted  to  steel  by  Henderson 
process,  xvii,  60  et  seq, ;  cost  of  producing  anthracite  charcoal 
and  coke  pig-iron,  xvi,  199,  200 ;  cost  in  Sequachie  Valley, 
xvii,  45;  determination  of  phosphorus  in,  xviii,  705;  earliest 
production  in  Rocky  Mountains,  xviii,  267 ;  effect  of  phos- 
phorus in,  xix,  849 ;  grading  at  Birmingham,  Ala.,  xvii,  94 ; 
increased  manufacture  of,  from  imported  ore  in  Great  Britain, 
xix,  839;  influence  of  silicon  on  determination  of  phosphorus 
in,  xviii,  92 ;  manufacture  of  basic,  at  Horde,  Westphalia, 
Germany,  xix,  350;  prices  and  product  of,  in  Great  Britain, 
1870-84,  xix,  839 ;  production  of  anthracite  in  Pennsylvania, 
1875,  1880,  1889,  xix,  962 ;  production  of,  in  United  States, 
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xix,  3,  480 ;  in  United  States,  England  and  Germany,  xix, 
831,  832;  in  Virginia,  xix,  1017;  phosphorus  in,  xvi,  271; 
strength  of,  xvii,  460;  world's  production  of,  1854-89,  xix, 
506. 

Pig-Iron  of  Unusual  Strength  (Dewey),  xvii  [poem],  460. 

Pig-patterns,  xvii,  427. 

Pike  farm.  Alma  township,  Allegany  county,  N.  Y.,  oil-wells,  xvi, 
937. 

Pike  iron-mine,  St.  Lawrence  county,  N.  Y.,  xvii  [747]. 

Pikeville  oil-well,  Alma  township,  Allegany  county,  N.  Y.,  xvi, 
930,  932. 

Pile-roasting  in  Utah,  xvi,  18,  23. 

Pilot  Knob  iron-mine.  Iron  county.  Mo.,  xvii  [723] ;  xx,  257. 

Pine  Grove  coal-mine,  Mercer  county,  Pa.,  xvi,  641. 

Pine  Hill  gold-mine,  Montgomery  county,  Md.,  xviii,402. 

Ping-Chuan  copper-district,  China,  xix,  589. 

Ping-Tu,  China,  gold-district,  xix,  679. 

Pioche,  Lincoln  county,  Nev.,  silver-lead-mines,  xvi  [3],  436. 

Pioneer  Iron  Co.,  Thomas  Jefferson  county,  Ala.,  xvii  [150] ;  blast- 
furnaces of,  xvii  [142,  225]. 

Pioneer  reduction  works,  Nevada  City,  Cal.,  xvii  [3]. 

Pioneer  silver-mine,  Aspen,  Colo.,  xvii  [178].. 

Pipe-lines  for  lixiviation-plant,  xx,  13. 

Pipe,  specifications  for  cast-iron  coated  water,  xviii,  661. 

Pitkin,  on  electrolytic  assay  of  copper,  xvii  [407]. 

Pittsburgh  coal-bed,  Pa.,  xvi,  640, 645. 

Pittsburgh   and  Lake  Superior  iron-mine,  Marquette  county, 
Mich.,  xvi,  174;  xvii  [718]. 

Pittsbugh,  Pa. :  consumption  of  natural  gas,  xviii,  131 ;  natural 
gas,  xvi  [917] ;  Proceedings  of  International  Sessions,  xix,  xvit. 

Pittsburgh  ^late  Glass  Co.,  Tarentum,  Pa.,  visit  to  works,  xix,  zxv. 

Pittsburgh  Reduction  Co.,  Pittsburgh,  Pa.,  aluminum  manufac- 
tured by,  xviii,  529  et  seq,,  824 ;  visit  to  works,  xix,  xxv, 

Pittsburgh  salt-weliri,  Pittsburgh,  Pa.,  xvii  [110]. 

Pittsburgh  si^^er-lead-mine.  Salt  Lake  county,  Utah,  xvi  [5]. 

Pittsburgh  Steel  Casting  Co.,  Pittsburgh,  Pa.,  visit  to  works,  xix, 

XXIV. 

Pittsburgh  Testing  Laboratory,  xvii  [679]. 

Pittsville  ore-deposit,  Pittsylvania  county,  Va.,  xx,  181. 

Placer-deposits,  Black  Hills,  S.  Dak.,  xvii,  671. 

Placer  mining  in  Snake  River,  Idaho,  xviii,  697. 

Plata- Reina  de  Sonora  Mining  and  Milling  Co.,  Mexico,  xx,  740. 

Platinum,  deterioration  of,  in  gas-furnace,  xviii,  727. 
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Platinum  ware  not  suitable  for  use  in  electrolytic  assay  of  copper, 
xvii  [410]. 

Platty  F.,  experiments  in  the  manufacture  of  coke,  xx,  622 ;  on 
geology  of  Bernice  coal-basin,  xvii,  607. 

Piatt  iron-mine,  Morris  county,  N.  J.,  xvii  [740]. 

Platt,  J.  C,  remarks  in  discussion  of  magnetic  concentration  of 
iron-ore,  xx,  583. 

Plattner  on  losses  of  gold  and  silver  in  oxidizing-roasting,  xvii, 
4  et  seq. 

Plattner  process  applied  in  Black  Hills,  S.  Dak.,  xvii,  588. 

Pleasant  Valley  coal-mines,  Emery  c5unty,  Utah,  xvi  [20],  356 
et  8eq. 

Pliny  Parker  oil-well,  Bolivar  township,  Allegany  county,  N.  Y., 
xvi,  932. 

Plumbago  in  Ontario,  Can.,  xvii  [294]. 

Plunger-pumps,  xx,  8, 108. 

Pneumalic  Hoisting  (Wheeler),  xix  [vitt],  107. 

Pocahontas  coal-bed.  Flat  Top,  Va.,  xix,  1034. 

Pocahontas  coke,  Va.,  xx,  257  et  aeq. 

Pocket-compass,  improved  French,  xviii,  97. 

PococK,  Francis  A. :  Electricity  and  Hatdage,  xviii  [pcxxi],  412  ;  Ac- 
cumulators and  Mining  (in  paper  of  Mr.  Spaulding),  xix,  278. 

Pocono  sandstone,  coal  in,  xvii,  208. 

PoHLiG,  J. :  Aerial  Wire  Ropeways,  xix  [xziit],  760. 

PoHLMAN,  Julius  :  Cement-Rock  and  Gypsum  Deposits  in  Buffalo^ 
xvii  [xxiv],  250 ;  The  Life-History  of  Niagara,  xvii  [xxv],  322 ; 
address  of  welcome  at  Buffalo,  xvii,  xzv;  on  geology  of  Buf- 
falo, N.  Y.,  xvii,  401,  404;  geological  report  of  gas-wells  at 
Buffalo,  N.  Y.,  xvi,  925. 

Poisons,  metallic,  in  potable  waters,  xvii,  345. 

Policy  iron-mine,  St.  Lawrence  county,  N.  Y.,  xvii  [747]. 

Polluting  ingredients  in  streams  of  water,  xvii,  348. 

Polybasite :  at  Aspen,  Colo.,  xvii  [204] ;  at  Rosario  mine,  Hon- 
duras, C.  A.,  xvii  [442]. 

PoMEROY,  Richard  A. :  The  Petite  Anse  SaU-Mine^  xvii  [xzii],  107. 

Pomcroy  salt-wells,  Pomeroy,  Ohio,  xvii  [110]. 

Pompona  gold-mine,  Colombia,  S.  A.,  xviii,  211. 

Poorc  system  of  winding  from  shafts,  xvii  [430]. 

Popp  system  of  pneumatic  transmission,  xviii  [427]. 

Porphyry:  at  Aspen,  Colo.,  xvii,  168  et  seq.;  in  Black  Hills,  S. 
Dak.,  xvii,  572  et  seq,;  in  Honduras,  C.  A.,  xvii  [434]  ;  influ- 
ence upon  richness  of  auriferous  deposits,  xvii,  575 ;  micro- 
scopical examination  of,  xvii,  168. 

Porsaskoski,  Finland,  Husgafvel  furnaces  at,  xvi,  334  et  seq. 
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Portage  Lake,  Lake  Superior,  copper-mines,  xix,  683. 

Port  Arthur  mining  district,  Ontario,  Can.,  xvi,  109 ;  xvii,  296. 

Port  Colborne,  N.  Y.,  oil-wells,  xviii,  295. 

Port  Colborne,  Ontario,  Can.,  gas-wells,  xvii,  401  et  seq. 

Porter,  J.  B.  &  Co.,  analysis  of  coal,  xvii.  217. 

Porter,  John  B.,  on  iron-ores  and  coals  of  Alabama,  Georgia  and 
Tennessee,  xvii  [91,  92]. 

Port  Henry,  Essex  county,  N.  Y. :  blast-furnaces,  xx,  277 ;  iron- 
mines,  xvii,  746 ;  xviii,  747  et  seq. ;  magnetic  concentrates  of, 
XX,  599 ;  output  of  ore,  xvii,  747. 

Portland  cement,  analysis  of,  xvii,  251. 

Poser  silver-mine.  Silver  Bow  county,  Mont,  xvi  [69]. 

Potomac  Mining  Co.,  gold-mines,  Montgomery  county,  Md., 
xviii,  399. 

Poto(A,  Bolivia^  Silver  District  (Wendt),  xix  [ix\,  74.  (Drawings  of 
the  fossil-plants  referred  to  in  this  paper,  with  descriptions 
by  Prof.  N.  L.  Britton,  will  be  published  in  vol.  xxi.) 

Potsdam  formation:  in  Black  Hills,  S.  Dak.,  xvii,  571  et  seq,; 
carries  gold  and  silver,  xvii,  586 ;  does  it  contain  tin  ?  xvii, 
589 ;  ore-bodies  in,  xvii,  585. 

Potsdam  sandstone,  iron^ores  in,  in  Virginia,  xix,  1025. 

Potter,  E.  C.  :  Note  on  the  Use  of  Crude  Petroleum  as  Jfuel  for  Rais- 
ing Steam  at  the  SoiUh  Chicago  Works,  xvii  [xxxii]^  807 ;  remarks 
in  discussion  of  Mr.  Gayley's  paper  on  American  blast- 
furnaces, xix,  972;  of  Mr.  Howe's  paper  on  the  Bessemer 
process,  xix,  1172. 

Potter,  William  B.  :  A  Present  Need  in  the  Engineering  Profes- 
sion, xvii  [xxv],  380 ;  Soms  Thoughts  Relating  to  the  American  In- 
stitute of  Mining  Engineers  and  its  Mission,  xvii  [xxxi],  485. 

Pottstown  Iron  Co.,  Montgomery  county.  Pa.,  xx,  727  et  seq,  ; 
blast-furnaces,  xx,  584;  system  for  testing  structural  mate- 
rial, XX,  698. 

Pottsville  conglomerate,  xvii  [607,  609]. 

Pottsville,  Pa.,  thickness  of  coal-measures,  xvii,  208. 

PouRCEL,  Alexandre:  remarks  in  discussion  of  Mr.  Hadfield's 
paper  on  aluminum-steel,  xix,  1084 ;  on  the  relations  of 
manganese  and  carbon  in  iron  and  steel,  xx  [314]. 

Practical  Results  in  the  Magnetic  Concentration  of  Iron- Ore  (Hoffman), 
XX  [ixit],  602. 

Pratt  coal-bed,  Jeflferson  county,  Ala.,  xvii,  152,  209  et  seq. 

Pratt  coalmines,  Jeiferson  county,  Ala.,  output,  1883-90,  xix, 
313. 

Pratt  coke,  Ala. :  xvii,  142  et  seq,;  analysis,  xvii,  154;  compared 
with  Connellsville  coke,  xvii,  142. 
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Pratt  Mines  of  tke  Tennessee  Coal,  Iron  and  Railroad  Company ^  Ala- 
bama (Ramsay),  xix  [ix],  296. 

Precipitating-co-efficients,  tables  of,  xx,  30. 

Precipitating-tanks :  for  lixiviation-plant,  xx,  6 ;  for  wash-water 
in  lixiviation-plant,  xx,  7. 

Precipitation  of  Metals  from  Hyposidphide  Solutions  (Stetefeldt), 
XX  [Iviit]^  16. 

Pre-glacial  history  of  region  adjacent  to  Nit^ara  Falls,  xvii,  322. 

Fre-glacial  valleys :  of  Lake  Erie,  xvii,  322 ;  of  Lake  Ontario, 
xvii,  324. 

Preliminary  Note  on  the  Thermal  Properties  of  Slags  (Howe),  xviii 
[zlviii]j  724. 

Preparation  and  Utilization  of  Small  Sizes  of  Anthraate  (a  discussion 
held  at  Glen  Summit),  xx  [hiii],  613. 

Presentation  of  the  Bessemer  Medal  (Kitson),  address  at  presentation 
of  medal  to  Hon.  A.  S.  Hewitt,  xix  [xxxi],  615;  reply  of  A.  S. 
Hewitt,  xix,  517. 

Present  Seed  in  the  Engineering  Profession  (Potter),  xvii  [pcxv]^  380. 

Present  Status  of  Electrical  Transmission  of  Power  (Rothwell),  xvii 
[xxv']y  555. 

Pribram,  Bohemia,  magn<?tic  ore-separator  at,  xvii  [736]. 

Price,  Thos. :  experiments  in  purifying  alloys  of  gold,  xvii  [32] ; 
on  the  Miller  process  of  refining  gold,  xvii  [32]. 

Priming  in  steam-boilers,  cause  and  cure,  xvii,  361. 

Princess  Louise  silver-mine,  Pitkin  county,  Colo.,  xvii  [173]. 

Princeton  coal-mines,  British  Columbia,  xviii,  315. 

Prince  of  Wales  silver-lead-mine,  Little  Cottonwood  Cafion,  Salt 
Lake  county,  Utah,  xvi  [5, 13]. 

Printer  Boy  Hill,  Leadville,  Colo.,  xviii  [145]. 

Probable  Future  of  the  Manufacture  of  Iron  (Bell),  xix  [aa;],  834. 

Proceedings  of  meetings  (see  meetings.) 

Producer-gas :  analyses,  xviii,  613,  881 ;  from  anthracite  waste, 
XX,  625 ;  calorific  value  of,  xviii,  864 ;  combustion  of,  xix,  146 ; 
comparison  of  methods  of  manufacture,  xix,  139 ;  methods  of 
analysis,  xix,  136;  quantity  of,  from  a  ton  of  coal,  xviii,  612, 
614 ;  quantity  required  to  puddle  a  ton  of  iron,  xviii,  613 ; 
value  as  fuel,  xvii,  99. 

Product  of  lixiviation-works  shipped  to  smelters  unroasted,  xx,  40. 

Production  ;  of  anthracite  coal  in  the  United  States,  xx,  410 ;  of 
anthracite  pig-iron  and  coke-iron  in  1872,  1880  and  1889,  xix, 
962 ;  of  Bernice  anthracite  coal-basin,  xvii,  614 ;  of  coal  in 
Pennsylvania,  1889,  xx,  625 ;  of  coal  in  the  United  States, 
1888,  xviii,  123 ;  of  coal  in  United  States,  1870-90,  xix,  483; 
of  coal  in  United  States  in  1890,  xx,  412 ;  of  coal  in  Washing- 
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ton,  xix,  54 ;  of  copper  in  Montana,  xix,  703 ;  of  Flat  Top  coal- 
mine, Va.,  1890,  xix,  1035 ;  of  gold  at  Mount  Morgan  mine, 
Queensland,  to  November  30,  1890,  xx,  150;  of  gold  in 
Queensland  in  1889,  xx,  133  ;  of  gold  in  Victoria  in  1889,  xx, 
133 ;  of  gold-ore  in  Australian  colonies,  xx,  468 ;  of  gold-ore, 
Bendigo  gold-field,  Victoria,  Australia,  xx,  464,  470^  of  iron- 
ore  in  New  Jersey,  xx,  217, 218,  223 ;  of  iron-ore  in  New  York 
and  other  States  compared,  xx,  224 ;  of  iron  and  steel  in  the 
United  States,  xx,  412 ;  of  leading  metals  and  minerals  in 
United  States,  1819-90,  xix,  501 ;  of  oil-wells  in  Florence  oil- 
field, Colo.,  XX,  459,  460:  of  petroleum  in  the  United  States, 
XX,  413 ;  of  pig-iron  compared  with  increase  of  population  in 
United  States,  1830-90,  xix,  480 ;  of  steel-ingots  in  Great 
Britain  in  1889,  xix,  831 ;  of  tin  metal  in  Malay  Peninsula, 
XX,  51. 

Progr€88  of  German  Practice  in  the  Metallurgy  of  Iron  and  Steel  Since 
1876,  With  Special  Reference  to  the  Basic  ProccBeea  (Wedding), 
xix  [xociii],  331. 

Progress  in  Magnetic  Concentration  of  Iron-Ores  (Birkinbine),  xix 
[x],  656. 

Progress  of  Metallurgical  Science  in  the  West  (Pearce),  xviii  [xviii], 
55  (for  discussion  see  457). 

Prominent  Sources  of  Iron-Ore  Supply  (Birkinbine),  xvii  [xliit]j  715. 

Propellers,  materials  for,  xviii,  484. 

Properties  of  Aluminum,  With  Some  Information  Rdating  to  the  Metal 
(Hunt,  Langley  and  Hall),  xviii  [xxxi],  528  (see  Errata,  913). 

Proposed  Method  Jor  Working  TeUurides  (Smith,  F.  C),  xviii  [xxm], 
439. 

Proposed  Rail-Sections  (Hunt),  xvii  [xxxii],  778. 

Prosser,  Prof.  Charles  S.,  record  of  test-wells  drilled  in  New  York 
outside  of  the  Allegany  oil-  and  gas-field,  xvi,  941. 

Protection  of  Iron  and  Steel  Ships  against  Foundering  from  Injury  to 
their  Shells^  Including  the  Use  of  Armor  (Barnaby),  xix  [icx], 
638. 

Protection  of  iron  by  asphaltic  covering,  xx,  14. 

Providence  Forge,  New  Kent  jcounty,  Va.,  site  of  ancient  iron- 
works, XX,  198. 

Providence  stamp-mill,  Nevada  City,  Cal.,  xvii  [504]. 

Pseudomalachite  in  silver-ore,  xviii,  248. 

Psilomelane  at  Butte,  Mont.,  xvii  [774]. 

Pterygotua  in  Buffalo  cement-rock,  xvii,  251. 

Puddle-  and  re-heating  slags  for  paint-stock,  xx,  385. 

Puddling-furnace  fuel,  coal  versus  oil  as,  xvii,  808. 
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Puddling:  in  Germany,  xix,  354 ;  heat-units  required  in,  xviii, 
613 ;   number  of  furnaces  in  Great  Britain,  xix,  838. 

Pueblo,  Colo.,  visit  to,  xvi,a;xt. 

Pueblo  Smelting  and  Refining  Co.,  Colo.,  visit  to  works  of^  xxi, 
xxi]  xviii,  xxi. 

Pulaski  blast-furnace,  Pulaski  county,  Va.,  xx,  212. 

Pumping  by  electric  motor,  xvi,  860 ;  xix,  268 ;  xx,  368. 

Pumps:  Cameron,  xx  [190, 195];  Cornish,  xx,  108;  xx  [357]; 
electric  mine-,  xx,  368 ;  fire,  for  sluicing  tailings,  xx,  13 ;  Grey- 
ser,  XX,  9  et  seq, ;  Gould  electric,  xix,  268 :  Heald  <t  Cisco's 
centrifugal  pumps  for  sand  and  water,  xvii  [668] ;  Knowles, 
XX,  8  et  aeq.y  188  et  ae^.,  368;  Koerting,  xx,  9  et  seq.  ;  plunger. 
XX,  8, 108. 

Punching-press,  best  form  of,  xviii,  626. 

Puritan  iron-mine,  Gogebic  range,  Mich.,  xvi,  186  et  seq. ;  xvii, 
719. 

Pursel  slope,  Danville  iron-mines,  Montour  county,  Pa.,  xx,  376. 

Putnam  county,  N.  Y. :  concentration  of  iron-ore,  xvii,  730;  Tilly 
Foster  iron-mine,  xvii,  746, 758 ;  xx,  682. 

Putnam  Machine  Co.,  Fitchburg,  Mass.,  visit  to  works  of,  xvi, 
Qcxxvii. 

Pyramid  silver-mine,  Washoe  county,  Nev.,  xvi,  372. 

Pyrites :  auriferous,  at  Haile  gold-mine,  S.  C,  xix,  601 ;  in  bitu- 
minous coal,  xvi,  539 ;  in  Black  Mills,  S.  Dak.,  xvii  [582] ;  in 
copper- veins  at  Butte,  Mont.,  xvi,  64;  desulphurization  of 
pyritiferous  iron-ores,  xviii,  78, 303 ;  gold  in,  xvi,  267 ;  loss  in 
chloridizing-roasting,  xvii,  15, 16 ;  Massachusetts  and  Virginia, 
xix,  695;  in  silver- veins  at  Butte,  Mont.,  xvi.,  62;  smelting  in 
a  blast-furnace,  xvi,  267 ;  China,  Tsu-Hung-Tung,  xix,  573. 

Pyritic  silver-smelting,  xvi,  257. 

Pyrolusite :  at  Butte,  Mont,  xvii  [774] ;  in  Nova  Scotia,  xviii, 
202 ;  at  Rosario  mine,  Honduras,  C.  A.,  xvii  [442]. 

Pyrometer,  water,  corrections  of  scale  by  Messrs.  Siemens,  xx, 
260. 

Pyromorphite  ;  at  Rosario  mine,  Honduras,  C.  A.,  xvii  [442]. 

Pyrrhotite  :  in  Black  Hills,  S.  Dak.,  xvii,  574  et  seq.  ;  niccolifer- 
ous,  in  Lancaster  county.  Pa.,  xvi.,  117 ;  in  Ontario,  Can.,  xvii 
[294]  ;  Virginia,  Carroll  county,  xix,  694. 

Quaglio's  apparatus  for  charging  crushed  coal  into  coke-ovens, 

xix,  836. 
Quartz,  microscopic  examination  of  auriferous,  xviii,  639. 
Quartzite :    at  Aspen,  Colo.,  xvii,  163;  at  Queensland,  xx,  135  et 

seq, ;  in  Sumatra,  xx,  58. 
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Quarternary  placers  in  Black  Hills,  S.  Dak.,  xvii  [571]. 

Quartz-porphyry,  at  Butte,  Mont,  x\d,  52. 

Quebec,  Can. ;  iron-manufacture,  xvi,  130;  magnetic  iron-ore,  xvi, 

140;  mining  industries  of,  xviii,  3l6. 
Queen  iron-mine,  Warren  county,  N.  J.,  xx  [221]. 
Queen's  county,  N.  B.,  bog  iron-ore,  xvi  [140], 
Queens  county,  Nova  Scotia,  bog  iron-ore,  xviii  [200]. 
Queensland,  Australia,  production  of  gold-ore,  xx,  468. 
Queen    of  the    West    silver-mine,    Ten-Mile    district,    Summit 

county,  Colo.,  xvi,  837. 
Quicklime  :  analysis,  xviii,  682;  used  in  lead-smelting,  xviii,  .682. 
Quicksand,  sinking  a  caisson  in,  at  Norway,  Mich.,  xx,  188.    .   , 
Quicksilver,  loss   of,  in   milling  at  Lyon   mill,  Dayton,  .Nev., 

'  xix,  230. 
Quincy  copper-mine,  Lake  Superior,  Mich.,  xvi,  191  ;  xix,  684. 
Quinnesec  iron-mine,  Menominee  county,  Mich.,  xvi,  173,  525  et 

seg.,  892. 

Radnor,  near  Three  Rivers,  Quebec,  iron-works,  xvi,  135. 
Ragland,  St.  Clair  county,  Ala.,  coal-mines,  xvii,  210,  217. 
Railroads,  kilometers  of,  in  the  world,  1840-88,  xix,  511. 
Rails:  xix,  892  etseq,;  affected  unfavorably  by  hot  rolling,  xvii, 

246 ;  analyses,  xvii,  284,  237 ;  inspection,  xvii,  240, 244 ;  joints 

for,  xviii,  624 ;  manufacture  of,  xvi,  594 ;  relation  of  chemical 

composition  to  wear,  xvii,  233,  237;  specifications  for  steel, 

xvii,  226 ;  standard  rail  of  N.  Y.  C.  and  H.  R.  railroad,  xvii, 

783;  tests,  xvii,  235  et  seq.;   xviii,  238;    wear  of,  xvii,  421 ; 

wear  of,  as  related  to  their  section,  xviii,  228. 
RaU-sectiona  (Delano),  xvii  Ixxzii],  421. 
Rail-sections :  xvii,  232  et  seq,,  421 ;  influence  of,  on  wear,  xviii, 

228;  proposed,  xvii,  778;  a  system  of,  in  series,  xviii,  763. 
Railway  Splice-Bars  and  Specifications  for  Their  Manufacture  (Hunt, 

R.W.),  xviii  [xZinnl,  624. 
Rainbow  Lode,  Butte  City,  Montana  (Blake),  xvi  [xviii],  65, 
Rainfall:    in  Northwestern  Colorado,  xvii,  376:  in  Sumatra  in 

1887-88,  XX,  53. 
Ralston's  Cove  coal-mine  (outcrop),  Marion  county,  Tenn.,  xvii 

[47]. 
Ramel-Conley  steel-works,  Brewster,  Putnam  county,  N.  Y.,  xx, 

607. 
Raxnmelsberg  deposit  compared  with  ore-bodies  in  Black  Hills, 

S.  Dak.,  xvii,  575. 
Ramsay,  Erskine  :  2'he  Pratt  Mines  of  the  TenrKessee,  Coal,  Iron  and 

Railroad  Company,  AlaJbanm,  xix  [ix],  296. 

10 
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Randall  Hill  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 

Randolph,  J.  P.  C. :  Notes  on  the  Republic  of  Colombia^  S,  A.^  xviii 
[xzvil  206. 

Rankin  coal-mine,  Sequatchie  county,  Tenn.,  xvii  [47]. 

Rankine :  formula  for  velocity  of  sphere  falling  in  still  water, 
xvii,  639 ;  on  the  steam-engine,  xvii  [80,  81]. 

Rapid  Method  for  the  Determination  of  Phosphorus  in  Certain  Ores 
(Woodbridge),  xvii  [xliii],  750. 

Rapid  Method  for  the  Redtiction  of  Ferric  Sidphaie  in  Volumetric 
Analysis  (Jones),  xvii  [xlii],  411. 

Rath,  Prof.  G.  Von,  opinion  on  Utah  sulphur  deposits,  xvi,  33. 

Rattler  silver-lead  mine,  Beaver  county,  Utah,  xvi,  8. 

Rattlesnake  silver-mine,  Cochise  county,  Ariz.,  xvii  [774]. 

Raymond  and  Campbell  hot-blast  stoves,  xvii  [463]. 

Raymond  &  Ely  silver-mine  and  Mill,  Pioche,  Lincoln  county, 
Nev.,  xvi,  33,  382  et  seq. 

Raymond,  R.  W.  :  Biographical  Notice  of  William  J?,  Jones,  xviii 
[xxy],  621 ;  Biographical  Notice  of  William  H,  Scranton,  xviii 
[xxy],  213 ;  End- Lines  and  Side-Lines  in  the  United  States  Mining 
Laxo^  xvii  [xxxi\,  787 ;  Imaginary  Boundaries,  xviii  [xxT],  182 ; 
The  New  York  Mining  Law,  xvi  \xxviii\,  770 ;  Note  o?i  a  Specimen 
of  Gilsonite  from  Uintah  County,  Utah,  xwii  [xxin],  113;  Soaping 
Geysers,  xvii  [xxv"],  449 ;  remarks  in  discussion  of  Mr.  Adams's 
paper  on  first  iron-blast  furnaces  in  America,  xx,  214;  of 
American  blast-furnace  practice,  xx,  274, 276 ;  Prof.  Cheever's 
second  paper  on  two  conditions  of  phosphorus  in  iron,  xvi, 
276  ;  of  Mr.  Emmons's  paper  on  the  geology  of  Butte,  Mont., 
xvi,  59 ;  of  Mr.  Parish's  paper  on  vein-phenomena  in  Boul- 
der county,  Colo.,  xix,  552 ;  of  Mr.  Foster's  paper  on  the  Mc- 
Clave  grate  and  Argand  steam-blower,  xx,  635 ;  of  Mr.  Glenn's 
paper  on  sampling  ores  without  the  use  of  machinery,  xx, 
160 ;  of  Mr.  Gordon's  paper  on  large  furnaces  on  Alabama  ma- 
terial, xvii,  148 ;  of  Prof.  Langley's  paper  on  aluminum  in  steel 
ingots,  xx,  238 ;  of  Mr.  Ledyard's  paper  on  some  Ontario  mag- 
netites (Trans,  xix,  28),  xx,  172;  of  magnetic  concentration 
of  iron-ore,  xx,  579, 581, 486 :  of  Mr.  McDowell's  paper  on  strip- 
ping ore-deposits,  xviii,  635 ;  of  Mr.  Pohlig's  paper  on  aerial 
wire  ropeways,  xix,  786 ;  of  preparation  of  small  sizes  of  an- 
thracite, XX,  621 ;  of  Prof.  Smock's  paper  on*  iron-mining  in 
New  Jersey,  xx,  225 ;  of  Mr.  Spaulding's  paper  on  electric 
power-transmission  in  mining,  xix,  284;  of  Mr.  Wood's  paper 
on  electric  welding  and  metal- working,  xx,  253 ;  on  the  law 
of  the  apex,  xvii,  796;  on  Leadviile  ore-deposits,  xvii,  449;  in 
support  of  a  resolution  in  honor  of  Ritter  von  Tunner,  xix,  xx. 
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Recent  placers  in  Black  Hills,  S.  Dak.,  xvii  [571]. 

Red  Cliff  district,  Eagle  county,  Colo.,  xvi,  813. 

Red  Lake  iron-ore  in  Vermilion  district,  Minn.,  xvi,  181. 

Red  Mountain,  Ala.,  fossil-ores,  xvii,  152. 

Red  Mountain  mining  district,  Ouray  county,  Colo.,  xvi,  570; 

xvii  [180];  xviii,  139;  formation  of  ore-deposits  of,  xvi,  809; 

geology,  xvii,  262 ;  hot  springs  formation,  xvii  [261]. 
Red  oxide  of  copper  in  Black  Hills,  S.  Dak.,  xvii  [581]. 
Reducing  process  used  by  Carbon  Iron  Co.,  Pittsburgh,  Pa.,  xvii, 

678. 
Reduction  of  ore  in  blast-furnace  affected  by  velocity  and  tension 

of  gases,  xvii,  282. 
Reduction-works  (see  also  chlorination-works,  concentration- 
works,    gold-mills,    lixiviation-works,    smelting-works,    and 

stamp-mills):    CcUifomia:   Nevada    county;     Nevada    City; 

Pioneer,  xvii  [3]. 
Redwell  basin,  Gunnison  county,  Colo.,  ore-deposits  of,  xvi,  810. 
Reed  and  Benson  silver-lead-mine.  Big  Cottonwood  Cafion,  Salt 

Lake  county,  Utah,  xvi  [5, 13]. 
Reed,  Lieut.  H.  A.,  method  of  constructing  relief  maps,  xvi,  297. 
Refining  alloys  of  gold  :  Aiken  process,  xvii,  30 ;  Miller  process, 

xvii,  30;  Thompson  process,  xvii,  30. 
Refining  silver  at  Argo,  Colo.,  xviii,  67. 
Refining  of  Sulphides  Obtained  in  the  Lixiviation  Process  with  Hypo- 

tulphite  Solutions  (Stetefeldt),  xx  llviii]^  37. 
Refractories,  acid,  for  open-hearth  furnaces,  xvi,  707. 
Regenerative  coke-ovens  in  Germany,  xix,  337. 
Regenerative  furnace,  Siemens,  xvii,  134. 
Regenerative  hot-blast  stoves,  xvii,  132,  680. 
Relief  maps,  method  of  construction,  xvi,  279. 
Reopening  of  the  TJXy  Foster  iron-mine  (McDowell),  xvii  \xliii\^  758. 
Replacement  system  of  ore-deposition,  xvi,  56,  808. 
Report  of  Council:    for   year   ending  Jan.   31,  1888,  xvi,  xxxii\ 

1889,  xvii,  xxxiii;  1890,  xviii,  ocxxi;  1891,  xix,  xxv. 
Republic  of  Colombia,  S.  A.,  notes  on,  xviii,  205. 
Republic  iron-mine,  Marquette  county,  Mich,  xvi,  173,  177 ;  xvii, 

717 ;  concentration-works  at,  xvii,  728. 
Reservoir-rock,  capacity  of,  xvi,  914;  dip  of,  xvi,  916. 
Reservoirs  of  the  New  Croton  Aqueduct,  N.  Y.,  xix,  706. 
Resilience  defined,  xviii,  812. 
Resources    of  the    Black    HiUs    and    Big   Horn   Couniry^  Wyoming 

(Chance),  xix  [mi],  49. 
Resources  of  the  Lake  Superior  Region  (Birkinbine),  xvi  [xzvi],  168. 
Results  of  Stream- Measurements  of  the  United  States  Geological  Survey 
(Newell),  xx  [tciij,  547. 
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Restigouche  county,  N.  B.,  bog  iron-ore,  xvi  [140]. 
**  Retarded"  coke  as  artificial  fuel,  xvii,  678. 
Retiro  Gold  Mining  Co.,  Honduras,  C.  A.,  xx,  406. 
Retsof  salt-mine,  PifFard,  N.  Y.,  visit  to,  xvii,  %xx, 
Reverberatory  furnaces :  technical  terms  relating  to,  in  English, 

French  and  German,  xvi,  315 ;  in  Utah,  xvi,  20. 
Revere  stamp-mill,  Bingham   Cafion,  Salt   Lake  county,  Utah, 

xvi.  20. 
Review  of  the  Iron-Mining  Industry  of  New  Jersey  (Smock),  xx  llvi], 

215. 
Review  of  the  Iron-Mining  Industry  of  New  York  for  the  Past  Decade 

(Smock),  xvii  [xliii]',  745. 
Rhein  Steel  works,  Ruhrort,  Germany,  xvii  [93]. 
Rhodocrosite :  in  Rainbow  Lode,  Butte,  Mont.,  xvi,  74  ;  in  silver- 
veins  at  Butte,  Mont.,  xvi,  62. 
Rhodonite  in  silver-veins  at  Butte,  Mont,  xvi,  62. 
Rhyolite :  at  Butte,  Mont.,  xvi,  52 ;  at  Rosario  Mine,  Honduras,  C. 

A.,  xvii  [438,  447] ;  in  Yellowstone  Park,  xvi,  788. 
Ricardo  gold  and   silver-mine,  district  of  Libano,  Republic   of 

Colombia,  S.  A.,  xvi,  305. 
Richard  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 
Richards,  E.  Windsor,  remarks   in  discussion  of  Mr.  Gayley's 

paper  on  American  blast-furnaces,  xix,  968. 
Richardson  farm,  Wirt  township,  Allegany  county,  N.  Y.,  gas- 
wells,  xvi,  936. 
Richards,  Robert   H. :    A   Hand-Telescope    for  Stadia-Work,  xx 

[Ixii],  732. 
Richards,  Robert  H.  and  Lodge,  R.  W.,  Experiments  lUusirating 

the  Descent  of  the  Charge  in  an  Iron  BloM-Furhocey  xvi  \xxiv] , 

149. 
Richards,  R.  H.  and  Woodward,  A.  E.,  The  Velocity  of  Bodies  of 

Different  Specific  Gravity  Falling  in  Water,  xviii  [xlviii],  p44. 
Richburgh  oil-sand,  Allegany  county,  N.  Y.,  xvi,  927,  932. 
Richterschacht  I  coal-mine,  Upper  Silesia,  Grermany,  xx,  857. 
RicKARD,  T.  A. :    The  Bendigo  Gold-Fidd,  xx  [/a?it;],  463,  772 :    The 

Mount  Morgan  Mine,  Queensland^  xx  [^mi],  133. 
RicKETsoN,  John  H.,  address  of  welcome  at  Pittsburgh,  xix,  xviiL 
Ricketts,  P. :  on  chalk-lining  for  crucibles,  xviii,  5 ;   on  tin-assay, 

xviii,  19  et  seq. 
Riddle,  Dr.  J.  L.,  inventor  of  rotary  ingot  machine,  xvi,  86. 
Ridge  copper-mine.  Lake  Superior,  Mich.,  xix,  682. 
Ridsdale  and  Stead :   average  composition  of  English  slag,  xvii, 

86;  crystals  in  basic  slag,  xvii,  89. 
Riga,  Monroe  county,  N.  Y.,  natural  gas,  xvi,  910. 
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Rights  of  the  Owner  or  Possessor  of  a  Lode  Mining- Claim  (Hen rich), 
xviii  [xlvit]^  881. 

Rigidity  of  metals  defined,  xviii,  809. 

Riley- Allen  gas-wells,  Wirt  township,  Allegany  county,  N.  Y.,  xvi, 
937. 

Riley- Allen  oil-well,  Scio  township,  Allegany  county,  N.  Y.,  xvi, 
932. 

RiLKY,  Edward,  remarks  in  discussion  of  Prof.  Langley's  paper  on 
international  standards  for  the  analysis  of  iron  and  steel,  xix, 
637. 

Rincon  gold-  and  silver-mine,  district  of  Libano,  Republic  of 
Colombia,  S.  A.,  xvi,  304.  * 

Ring^vood  iron-mine,  Passaic  county,  N.  J.,  xx,  215  et  seq. 

Rising  Star  silver-mine,  Silver  Bow  county,  Mont.,  xvi,  66  et  seq. 

Rittinger :  on  falling-velocities,  xviii,  646 :  ore-dressing  tables  com- 
pared with  Coggin  and  Evans  tables,  xviii,  265 ;  formula  for 
velocity  of  sphere  falling  in  still  water,  xvii,  639  ;  tables  with 
Parson *8  improvement,  xvii,  662,  675. 

Riveting  by  Thomson's  system  of  electric  welding,  xix,  888. 

Rivet-iron  and  steel,  specifications  for,  xix,  916,  918. 

Rivot  method  of  tin-assay,  xviii,  4. 

Roaring  Fork  Electric  Light  and  Power  Co.,  Aspen,  Colo.,  xx,  318 
et  seq. 

Roasting :  auriferous  pyrites  at  Haile  gold-mine,  S.  C,  xix,  608  ; 
cassiterite,  xviii,  8 ;  copper-ores  in  cylinders,  xviii,  70 ;  process 
for,  copper-silver  matte,  xx,  40;  gold-ores,  losses  in,  xvii,  3; 
gold-ores  at  Phoenix  mines,  N.  C,  xvii,  317 ;  gold-ores,  cost  of, 
at  Phoenix  mines,  N.  C,  xvii,  541 ;  Hudson  River  carbonates, 
xvii,  275 ;  imperfect  removal  of  arsenic  by,  xviii,  62 ;  matte  in 
Utah,  xvi,  18 ;  iron-ores,  xviii,  79  et  seq,,  303 ;  Murchie  pyrite, 
xvii,  6 ;  nickel-copper  ores  in  heaps  by  V-method  at  Sudbury, 
Ontario,  xviii,  285 ;  silver-gold-copper  ores  and  mattes  at  Argo, 
Colo,  xviii,  62  et  seq. 

Roasting-furnace :  additional  diaphragm  in  Howell,  xviii,  223 ; 
Bruckner,  xvi,  19,  366  et  seq,;  HofTman,  xvi,  20;  Howell,  xvi, 
367  et  seq, ;  at  Phoenix  gold-mine,  N.  C,  xvii,  317 ;  reverbera- 
tory,  xvi,  20 ;  revolving  hearth,  xvi,  20 ;  Stetefeldt,  xvi,  367 
et  seq, 

Roasting-kilns,  xviii,  78 ;  for  carbonates,  xvii,  275. 

Roasting  ores  in  Utah  :  in  Bruckner  furnace,  xvi,  19;  in  kilns, 
xvi,  21 ;  pile-roasting,  xvi  [18],  23 ;  in  reverberatory  furnace, 
xvi,  21 ;  in  Stetefeldt  furnace,  xvi,  21. 

Robert  Emmet  silver-mine,  Aspen,  Colo.,  xvii,  176. 

Robert  metal,  aluminum  in,  xviii,  841. 
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Roberts,  Frank  C.  :  Calculation  of  the  Available  Heat  and  the  Re- 
quired Dimensions  of  Ohimneys,  Combustion-Chambers  and  Ga^ 
Burners,  in  the  Use  of  Blast-Furnace  Gases  far  Firing  Boilers^  xvii 
[xxi\^  78 ;  Notes  on  a  New  Device  for  OperaJting  Blast-Famace 
Chargiyig-Bells,  xvi  [xxxvi^,  536  ;  Wire  Rope  Haulage  and  its  Ap- 
plication to  Mining,  xvi  [xxv],  213. 

Robertson,  Kenneth  :  The  Grading  of  Birmingham  Pig-Iron,  xvii 
[xxii]^  94 ;  remarks  in  discussion  of  magnetic  concentration 
of  iron-ore,  xx,  591. 

Robinson  silver-mine,  Ten  Mile  district,  Summit  county,  Colo., 
xviii,59, 178. 

Robinson,  Theo.  W.  :  The  Effect  of  Velocity  and  Tension  of  Gases  on 
the  Reduction  of  Ores  in  the  Blast-Fumade ^  xvii  [a:rri],  282 ;  In- 
organic Standards  for  the  Colorimetric  Carbon  Test^  xvi  [axrr],  111. 

Roche  d'Allion,  Joseph  de  la,  record  of  visit  to  Cuba  oil-spring, 
Allegany  county,  N.  Y.,  xvi,  908. 

Rock-breakers  at  Homestake  Mills-,  S.  Dak.,  xvii,  509. 

Rock-decay,  xviii,  336. 

Rock-drills  :  at  Copper  Cliff  mine,  Sudbury,  Ontario,  xviii,  283 ; 
at  Pratt  mines,  Ala.,  xix,  307. 

Rock-hlling,  xvi,  808  et  seq. 

Rockhampton  gold-mining  district,  Queensland,  xx,  133. 

Rock  Hill,  Leadville,  Colo.,  xviii  [145, 150]. 

Rockland  slate  quarries,  Quebec,  Can.,  xviii,  328 ;  visit  to,  xvdii, 
xxix. 

Rock  Springs  coal-mine,  Wyoming,  xvi,  356,  359. 

Rocky  Mountain  coal-field  (bituminous),  xviii,  123,  124. 

Rocky  Mountain  Co.,  Colo.,  oil-wells,  xx,  446. 

Rocky  Mount,  Franklin  county,  Va.,  iron-ores,  xx,  175. 

Rodgers  ore-bank  (magnetite)  Stokes  county,  N.  C,  xx,  184. 

Rodman  gas-well,  Jefferson  county,  N.  Y.,  xvi,  957. 

Roessler  converter,  xx  [41]. 

Rogers,  E.  M.  :  The  Equalization  of  Loa/I.  on  Winding-Engines  by  the 
Employment  of  Spiral  Drums^  xvii  [xxvi],  305. 

Rogers,  Prof.  H.  D.,  on  the  iron-mining  industry  of  New  Jersey, 
XX,  217. 

Rogers,  Prof.  W.  B.,  on  the  gold-bearing  belt  of  Virginia,  xviii, 
392 ;  on  Virginia  iron-ore  deposits,  xx  [96], 

RoLKER,  Charles  M.  :  The  Alluvial  Tin-Deposits  of  Siaky  Sumatra^ 
XX  [Iviii'],  50,  771 ;  on  geology  of  Rosario  mine,  San  Juancito, 
Honduras,  C.  A.,  xvii  [432,  435], 

Roll-crushers  for  coal,  xix,  414. 

Rolling-mills:  Fritz,  xvii  [228];  German,  xix,  523;  suspended 
feed-table  for,  xix,  42.    Localities  :  Illinois :  North  Chicago. 
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Rolling-mills — Continued. 

Rolling  Mill  Co.,  xx,  265;  Massachusetts:  Bristol  county  ;  Fall 
River  Iron  Works,  xviii  [214] ;  New  York :  Rensselaer  county  ; 
Troy,  xvii,  236;  Ohio:  Cuyahoga  county;  Cleveland,  Cleve- 
land Rolling  Mill  Co.,  xvii  [160]  ;  xx,  240 ;  Pennsylvania :  Cam- 
bria county;  Johnstown,  Cambria,  xvii [227] ;  Dauphin  county; 
Steelton,  Pennsylvania  Steel  Woi^ks,  xvii  [227]  ;  Lackawanna 
county  ;  Scranton,  Lackawanna  Iron  and  Steel  Co.,  xx,  620. 

Roll-scale,  analysis  of,  xvi,  361. 

Ropp,  Alfred,  experiments  to  replace  coke  with  anthracite  in  lead 
blast-furnace,  xx,  171. 

Rosario  gold-mine,  San  Juancito,  Honduras,  C.  A.,  xvii,  432. 

Rose  method  of  tin-assay,  xviii,  3, 9. 

Ross,  Ward  &  Co.'s  asbestos-mine,  Thetford,  Quebec,  Can.,  xviii, 
326. 

RoTHWELL,  R.  P. :  The  Present  StaMis  of  Electrical  Transmission  of 
Power,  xvii  [xzv],  666 ;  Systems  of  Mining  in  Large  Bodies  of  Soft 
Ore,  xvi  [xxviitjf  862. 

Rotomahana  Lake,  New  Zealaml,  inscriptions  on  siliceous  sinter 
at,  xvi,  797. 

Rowan  county,  N.  C,  Gold  Hill  gold-mine,  xvii  [314]. 

Royal  gorge  of  the  Arkansas,  visit  to,  xvi,  xod. 

Royal  Oil  Co.'s  wells,  Alma  township,  Allegany  county,  N.  Y.,  xvi, 
932. 

Royalton,  Niagara  county,  N.  Y.,  natural  gas,  xvi,  910. 

Roy  &  Archer  oil-  and  gas-sand.  Elk  county,  Pa,,  xvi  [938,  939]. 

Rubber-hose  with  gas-pipe  nipples,  method  of  connecting,  xx,  14 

Rubio  stamp-mill,  Parral,  Chihuahua,  Mexico,  xvi,  462. 

Ruby  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  161  et  seq. 

Rush  Creek,  Arkar^as,  Zinc-District  (Chance),  xviii  [xlviit],  606. 

RusseU  Process  in  its  Practical  Application  and  Economic  Results  (Rus- 
sell and  Daggett),  xvi  [xocxvi],  362. 

Russell  process:  xvi,  362  etseq.;  xvii  [46];  xx,  17  et  seq.;  as  a 
substitute  for  amalgamation,  xviii,  71. 

Russell  Springs,  Kansas,  nickel-ore,  xvii,  636. 

Russia  and  Finland,  history  of  bloomary  furnaces  in,  xvi,  334. 

Russian  auger  used  at  Petite  Anse  salt-mine,  xvii  [112]. 

Rutile  in  Black  Hills,  S.  Dak.,  xvii  [786]. 

RuTTMANN,  Ferd.  S.  :  Concentrating  Magnetite  unth  the  Conkling  Jig  at 
Lyon  Mountain^  N.  K,  xvi  [zxxmi],  609 ;  on  concentration  of 
iron-ore  at  Lyon  Mountain,  N.  Y.,  xvii  [732] ;  on  the  Tilly 
Foster  ore-body,  xvii  [769]. 

Sable  Iron  Works,  Pittsburgh,  Pa.,  visit  to,  xix,  T^xiv. 
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'•  Saddle-reefs  "  at  Bendigo  gold-mine,  Victoria,  Australia,  xx, 

475,  480. 
Safety-apparatus  in  hoists,  xvi,  215. 
Saginaw  iron-mine,  Marquette  county,  Mich.,  xvi,  174. 
Saginaw,  Mich.,  salt-wells,  xvii  [110]. 
Saguache  county,  Colo.,  iron-resources,  xviii,  270. 
Sahlin,  Axel  :  The  Utilization  of  Puddle  and  Re-Hearting  Slags  for 

Paint'St]ck,  xx  llxiii],  385 ;  remarks  in  discussion  of  magnetic 

concentration  of  iron-ore,  xx,  589 ;   of  preparation  of  small 

sizes  of  anthracite,  xx,  622. 
Saint  Bernard  coal-mine,  Hopkins  county,  Ky.,  xvi  [684,  585 J, 

593. 
Saint  Bernard  Co.,  Ky.,  manufacture  of  coke  by,  xvi,  692. 
Saint  Clair  Coal  Co.,  Ragland,  Ala.,  xvii,  210  et  eeq. 
Saint  Ignace,  Mackinaw  county,  Mich.,  shipping-port  for  iron-ore, 

xvi,  172. 
Saint  John,  N.  B,,  iron-works,  xvi,  135. 

Saint  John's  Colliery,  Normantown,  Eng.,  xvi,  860 ;  xviii,  422. 
Saint  Louis  Rivqr,  excursion  to  Dalles  of,  xvi,  xxvi;   water-power 

of,  xvi,  193. 
Saint  Mary's  Fall  ship-canal,  Lake  Superior,  tonnage  through^ 

xvi,  169. 
Sala,  Sweden :  smelting  at,  xvi,  259;  value  of  ores  treated  by  py- 

ritic  smelting,  xvi,  263. 
Salina  formation  in  western  New  York,  xvii,  398  et  seq, 
Salisbury  Iron  Co.,  Botetourt  county,  Va.,  strength  of  iron,  xvii, 

463. 
Salisbury  iron-mine,  Marquette  county,  Mich.,  xvi,  174;    xvii 

[718]. 
Salisbury  iron-ore  region,  Litchfield  county.  Conn.,  xx  [224], 
Salom,  Pedro  G.  :  Electrical  Accumulators  or  Storage  BaUerieSy  xviii 

[xlvii'],  348. 
Salom  and  Westerson,  analyses  of  Bernice  anthracite,  xvii,  610, 

615. 
Salt :  effect  of,  in  chloridizing-roasting  of  gold  and  silver,  xvii,  14 

et  seq. ;   high  cost  of  at  Butte,  Mont.,  xvi,  44 ;   in  Ontario, 

Can.,  xvii,  294  et  seq. 
Salt  Lake  county,  Utah  :  output  of  ore,  xvi,  4;  silver-lead  ores, 

xvi,  11. 
Salt-mines :  United  States  :  Louisiana;  Iberia  parish ;  Petite  Anse 

Island,  Avery  mine,  xvii,  107 ;  Ntw  York :  Livingston  county  ; 

Piffard,  Retsof,  xvii  [xxz].    Other  Countries  ,  Algeria;  Jebel- 

Melah,  xvii  [110]  ;  Ouled  Kebbah,  xvii  [110]  ;  Austria;  Hall- 

stadt,  xvii  [110]  ;  Wieliczka,  xvii  [110]  ;   Bavaria:   Berchtes* 
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gaden,  xvii  [110];  Tyrol,  Salzkammergut,  xvi,  61 ;  German 
Lorraine:  Vic,  xvii  [110] ;  Oermany:  Prussia;  Stassfurt,  xvii 
[110];  New  Stassfurt,  xx,  357  et  seq,;  Santo  Domingo:  xvii 
[110];  Tt/rd:  Hall,  xvii  [110]. 

Salt-mining :  at  Petite  Anse  Island,  La.,  xvii,  107. 

Salt-quarry  (see  also  salt-mines) :  Siberia:  Iletsk,  xvii  [111]. 

Salt-wells :  United  States  :  Michigan :  Saginaw,  xvii  [110]  ; 
New  York:  Onondaga,  xvii  [110] ;  Wyoming  county,  xvi,  922 ; 
Ohio:  Hocking  Valley,  xvii  [110];  Pomeroy,  xvii  [110]; 
Pennsylvania:  Pittsburgh,  xvii  [110];  West  Virginia:  Kana- 
wha, xvii  [110].  Other  Countries:  Canada:  Ontario,  God- 
erich,  xvii  [110];  England:  Cheshire,  xvii  [110];  Droitwich, 
xvii  [110] ;  German  Lorraine:  Dieuze,  xvii  [110], 

Salzkammergut,  Tyrol,  Bavaria,  salt-mines,  xvi,  61. 

Sample,  W.  S.,  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 
aluminum-steel,  xix,  1086. 

Sampling  gold-ores  in  Black  Hills,  S.  Dak.,  methods  of,  xvii, 
499. 

Sampling  Ores  Without  Use  of  Machinery  (Glenn),  xx  [Iviit],  155. 

Sampling  and  Testing  Works,  St.  Louis,  Mo.,  xvii,  387. 

Sampson  silver-lead-mine.  Uintah  district,  Summit  county,  Utah, 
xvi,  14. 

Samson  iron-mine,  Humboldt,  Mich.,  xvii  [734]. 

San  Andres  silver-mine,  Honduras,  C.  A.,  xx,  400. 

San  Antonio  silver-mine.  Chihuahua,  Mex.,  xvi,  372  et  seq. 

San  Bartolo  silver-mine,  Cusihuiriachic,  Chihuahua,  Mexico,  xvi, 
373  et  seq, 

San  Bartolo  silver-mines,  Honduras,  C.  A.,  xx,  400. 

Sandberg,  C.  P.,  remarks  in  discussion  of  Mr.  Hunt's  paper  on 
specifications  for  the  manufacture  of  steel  rails,  xvii,  242. 

Sandberger,  F.,  on  vein-formation,  xvii  [448]. 

Sanders  Furnace  Co.,  Va.,  xx,  176. 

Sandhurst  (see  also  Bendigo)  gold-field,  Victoria,  Australia,  %x, 
463. 
%Sandstone :  in  Ontario,  Can.,  xvii  [294]  ;  in  Sumatra,  xx,  60. 

Sandy,  Little  Cottonwood  Cafion,  Salt  Lake  county,  Utah,  roast- 
ing ores  at,  xvi,  19,  21. 

San  Francisco,  Cal.,  United  States  Mint  at,  xvi,  83. 

San  Francisco  silver-mine,  Honduras,  C.  A.,  xx,  405. 

San  Geronimo  silver-mine,  Mex.,  xvi,  460. 

Sanitary  analysis  of  water,  xvii,  341,  343. 

Sanitary  condition  of  mines  and  metallurgical  works,  xvii  [339]. 

San  Jacinto  mining  claim,  Aspen,  Colo.,  xvii  [178]. 
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San  Juancito,  Honduras,  Rosario  gold-mine,  xvii,  432. 

San  Juan  mining  district,  Colo.,  hot  springs,  xvii,  262. 

San  Juan  Palo  silver-mine,  Honduras,  C.  A.,  xx,  405. 

San  Luis  silver-mine,  Honduras,  C.  A.,  xx,401. 

San  Marcos  gold-  and  silver-mines,  Honduras,  C.  A.,  xx,  403. 

San  Miguel  silver-mine,  Chihuahua,  Mex.,  xvi,  372  et  aeq. 

San  Pedro  copper-mine.  New  Mexico,  xix,  697. 

San  Pete  cotioty,  Utah,  coal  and  coke,  xvi  [357],  358, 359. 

Santa  Ana  silver-min^,  dept.  of  Tolima,  Colombia,  S.  A.,  xviii,  212. 

Santa  Ana  silver-mine,  Honduras,  C  A.,  xx,  405. 

Santa  Elena  silver-mine,  Honduras,  C.  A.,  xx,  402. 

Santa  Lucia  Mining  and  Milling  Co.,  Honduras,  C.  A^  silver- 
mines,  XX,  403,  405. 

Santa  Maria  silver-mine,  dept.  of  Tolima,  Colombia,  S.  A.,  xviii, 
212. 

Santo  Domingo  salt-mine,  Santo  Domingo,  xvii  [110]. 

Saratoga  silver-mine,  Red  Mountain  district,  Ouray  county,  Colo., 
xvi,  577. 

Satellite  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  159. 

Saturn  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county,  Utah, 
xvi,  11. 

Sault  Ste.  Marie,  Mich.,  visit  to,  xvi,  168. 

Sawatch  range,  Colo.,  xvii,  161  et  seq. 

Sawyer  oil-wells,  Bolivar  township,  Allegany  county,  N.  Y.,  xvi, 
934  et  9eq. 

Scale,  boiler:  cause  of,  xvii,  350;  preventives,  xvii,  351,  353. 

Schae£fer,  Prof.  C.  A. :  analysis  of  tantalite,  xvii,  593 ;  on  colura- 
bite  (tantalite)  of  Black  Hills,  S.  Dak.,  xvii,  633. 

Schaufuss,  Erich  C,  biographical  notice  of,  xvii  [zxxi],  419. 

Scheibler's  process:  for  concentrating  phosphoric  acid  in  phos- 
phate-slag, xvii  [94]  ;  for  the  manufacture  of  magnesia,  xvi, 
•   720. 

Schiller  silver-mine,  Aspen,  Colo.,  xvii,  168  et  9eq. 

Schledehausen,  Osnabriick,  Grermany,  coal-mine,  xx,  621. 

School  House  farm,  Genesee  township,  Allegany  county,  N.  Y., 
oil-well,  xvi,  936. 

Schools :  Summer,  xvi,  647 ;  technical,  xvi,  631  et  seq. 

Schuylkill  mining-region,  miners'  strike  of  1888,  xviii  [1^]. 

ScHWARZ,  T.  E. :  TTie  Ore-Deposits  of  Red  Mountain,  Ouray  County^ 
Colorado^  xviii  [ace],  139. 

Scio  township,  Allegany  county,  N.  Y.,  oil-wells,  xvi,  932. 

Scorodite :  analysis  of,  xvi,  801 ;  in  Yellowstone  Park,  xvi,  801. 

Scorpion  gold-mine,  West  Point,  Calaveras  county,  Cal.,  xviii,  643. 

Scotch  hearth  for  lead-smelting,  xviii,  677  et  seq. 
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Scottish-Canadian  asbesto-mine,  Black  Lake,  Quebec,  Can.,  xviii, 

326. 
Scranton  Steel  Co.,  Scranton,  Pa.,  xx,  620. 
Scranton,  William  H.,  biographical  notice  of,  xviii  [a»t?],  213. 
Screens  for  sizing  coal,  xix,  401. 
Seals  coal-mine,  Bledsoe  county,  Tenn.,  xvii  [47]. 
Seaton,  a.  E.  :  Ihe  DevelopTnent  of  the  Marine  Engine  and  Progress 

Made  in  Marine  Engineering  During  the  Past  Fifteen  Years,  xix 

[xx],  856. 
Sebenius,  Uno,  on  the  Port  Henry  iron-ore  deposits,  xviii,  757. 
Secaucua  blast-furnace,  Hudson  county,  N.  J.,  xx  [592]. 
Secretary  and  treasurer :  statement  of  finances ;  for  year  ending 

Jan.  31,  1888,  xvi,  xxxii;  1889,  xvii,  xxxiii;  1890,  xviii,  xxxi  ; 

1891,  xix,  xxvii. 
Segregated  Old  Abe  gold-deposit,  Black  Hills,  S,  Dak.,  xvii  [576]. 
Selby  Smelting  and  Lead  Co.,  San  Francisco,  CaL,  xx  [171]. 
Selvage  from  abrasion,  xx,  500. 
Semi-anthracite  coal  in  China;  xix,  577. 
Seneca  Falls,  Ontario  county,  N.  Y.,  gas-well,  xvi,  949. 
Sentinel  gold-mine,  Boulder  county,  Colo.,  xix,  547. 
Separator  (see  also  magnetic  separator),  automatic  gyrating,  for 

coal,  at  Drifton,  Fa.,  xix,  428. 
Septic  poisons  in  water,  xvii,  344,  346. 
Sequachie  Valley,  Tenn. :  cost  of  coke  in,  xvii,  48 ;  of  pig-iron 

in,  xvii,  45,  49. 
Serpentine  in  Ontario,  Can.,  xvii  [294,  298J. 
Setterwall,  analysis  of  pig-iron,  xvii,  255. 
Settlers  at  Lyon  Mill,  Dayton,  Nev.,  xix,  230. 
Sewage,  ammonia  in,  xvii,  344. 

Seyssel,  France,  asphaltic  rock  at,  xvii,  356,  360,  373 ;  xviii  [577]. 
Shaler,  N.  S.,  on  extent  of  ore-deposit  at  Croton  iron-mine,  N.  Y., 

XX,  603.  • 

Shamokin  anthracite  district.  Pa.,  xvii,  611.  ^ 

Shannon  copper-mine,  Butte,  Mont.,  xix,  690. 
Shantung  gold-mining  district,  China,  xix,  577. 
Sheba  gold-mine,  DeKaap  gold-fields,  Transvaal,  Africa,  xviii,  344. 
Shed,  N.  W.  :  Notes  on  the  Manufacture  of  Open-Hearth  Bridge  Steel, 

xviii  [xxi],  88. 
Sheep  Ranch  gold-mine,  Calaveras  county,  Cal.,  xviii,  642,  643. 
Sheffield  gas-sand,  Warren  county.  Pa.,  xvi  [939]. 
Shelburne  county,  Nova  Scotia,  bog  iron-ore,  xviii,  200. 
Shelby  county,  Ala. :  coal-fields,  xvii,  207  et  seq. ;  coal  product  in 

1887,  xvii,  207. 
Sheldon-Columbian  copper-mine,  Lake  Superior,  Mich,  xix,  683. 
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Shenandoah  gold-mine,  Victoria,  Australia,  xx,  486. 

Sherbrook  Gas  and  Water  Co..  xx,  86. 

Sheridan,  Chautauqua  county,  N.  Y.,  natural  gas,  xvi,  910. 

Shimer,  Porter  W.  :  Determination  of  Phoephorm  in  Iron  and  Sled, 
xvii  [xxi],  100. 

Shinn,  William  P. :  The  Genesis  of  the  Edgar  Thomson  Blast-Flu^' 
naces,  xix  [m;],  674. 

Ship-canals  in  Lake  Superior  region,  xvi,  168  et  seq. 

Ships,  protection  of  iron  and  steel,  xix,  638. 

Shirtliff  iron-mines,  Jefferson  county,  N.  Y.,  xvii  [747]. 

Shoshone  Falls,  Idaho,  xviii,  699. 

Shotwell  and  Crabtree  coal-mines,  Hopkins  county,  Ky.,  xvi 
[584]. 

Shrinkage  :  of  aluminum  castings,  xviii,  535 ;  of  cast-iron,  affected 
by  aluminum,  carbon  and  silcon,  xviii,  104  et  seq.,  468  et  seq. ; 
in  cast-iron,  reasons  for,  xvii,  697 ;  defined,  xviii,  817 ;  of 
wrought-iron  and  steel  containing  aluminum,  xviii,  841  et  seq, 

Shropshire  ore-bank  (magnetite),  Stokes  county,  N.  C,  xx,  184. 

Siak  tin-district,  Sumatra,  boundaries  of,  xx,  52. 

Sicily,  bituminous  limestones  of,  xvii,  362. 

Side-lines  and  end-lines  in  U.  S.  mining-law,  xvii,  787. 

Siemens-Cowper-Cochrane  fire-brick  stoves  at  the  Edgar  Thom- 
son works,  xix,  936. 

Siemens's  furnace,  xviii,  725,  878 ;  improvements  in,  xix,  533. 

Siemens  &  Halske,  electric  mine-locomotive,  xx,  356,  et  seq. 

Siemens- Martin  furnace,  technical  terms  relating  to,  in  English, 
French  and  German,  xvi,  317. 

Siemens  regenerative  furnace,  xvii,  134. 

Sierra  Grande  silver-mine.  Lake  Valley  district,  Dofia  Ana  county, 
N.  M.,  xvi,  372  et  seq. 

Sierra  Nevada  silver-mine,  Iron  ^  Hill,  Lake  county,  Colo.,  xviii, 
165  et  seq. 

Silencio  sihrer-mine,  Dept.  of  Tolima,  Colombia,  S.  A.,  xviii,  212. 

Silica :  deposition  from  Geysers,  xvi,  796 :  determination  in  blast- 
furnace cinder,  xvi,  89 ;  iu  Red  Mountain  district,  Ouray 
county,  Colo.,  xvi,  580. 

Silica  brick,  analysis  of,  xvi,  707. 

Silica  Determinations  in  Blast-Furnace  Cinder  (Jones),  xvi  [xxp], 
89. 

Silicon :  in  aluminum,  xvii,  542 ;  in  cast-iron,  xvii,  683 ;  deter- 
mination of,  in  ferro-silicon,xvii,  542 ;  effect  of,  on  aluminum, 
xviii,  883 ;  effect  on  steel  ingots,  xvii,  245 ;  expels  carbon  from 
cast-iron,  xvii,  684 ;  graphitoidal,  xvii,  542 ;  graphitoidal  state 
of,  in  aluminum,  xviii,  530,  et  seq.;  influence  on  the  chilling 
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quality  of  iron,  xvii,  705;  influence  on  deflection,  xvii,  695; 
influence  of,  on  determination  of  phoBphorus  in  iron,  xviii,  90 ; 
upon  fluidity,  xvii,  708;  upon  grain,  xvii,  710;  upon  hard- 
ness, xvii,  702;  upon  shrinkage,  xvii,  697  ;  upon  strength,  xvii, 
689;  loss  of,  in  remelting  pig-iron,  xvii,  256;  manganese,  carbon 
and,  in  pig-iron,  oxygen  required  for  elimination  of,  xx,  113  ;  in 
Ohio  pig-iron,  xvii,  254  ;  in  pig-iron,  aflected  by  rapid  driving, 
xvii,  144, 151 ;  not  affected  by  heat  of  blast,  xx,  259 ;  propor- 
tion of,  in  acid  Bessemer  bath,  xix,  1123;  reaction  with  alka- 
line carbonates,  xvii,  542 ;  In  southern  irons,  xvii,  95 ;  in  steel 
rails,  xvii,  783. 

SUicon  in  CaM-Iron  (Keep,  Fleming  and  Orton),  xvii  [xlii],  683. 

Silicon  in  cast-iron:  increases  hardness  and  shrinkage,  xviii, 
475;  influence  of,  xviii,  102  et  seq. ;  xx,  292;  lessens  blow-holes, 
xviii,  463 ;  lessens  depth  of  chill,  xviii,  465. 

Silicon-copper,  xviii  [671]. 

Silicon-steel,  points  of  resemblance  between  aluminum-  and, 
xix,  1061. 

SiLLiMAN,  J.  M. :  The  Kaiping  CoaUMine^  North  China^  xvi  [xxt?], 
95 ;  A  Water-Manometer  and  Anemometer,  xvii  {xxi{]y  66. 

Silurian  formation:  Aspen,  Colo.,  xvii,  158  H  seq.;  xviii,  154; 
Buffalo,  N.  Y.,  xvii,  250,  398 ;  Northwestern  Colorado,  xvii, 
376;  not  found  in  Black  Hills,  S.  Dak.,  xvii,  571;  Ontario, 
Can.,  xvii,  2Mel8eq.;  West  Virginia,  xvii,  116  et  seq. 

Silver :  alloy  of,  with  copper  and  gold  produced  and  treated  at 
Argo,  Colo.,  xviii,  68,  69 ;  in  Black  Hills,  S.  Dak.,  xvii  [571] ; 
composition  and  properties  of  German  silver,  xviii.  495 ;  de- 
preciation in  value,  xvi,  44 ;  effect  of  chlorine  on,  at  cherr3'-red 
heat,  xvii,  34 ;  loss  in  chloridizing  roasting  under  varying  con- 
ditions, xvii,  13  et  aeq, ;  loss  in  milling,  xviii,  250;  loss  in  oxi- 
dizing-roasting,  xvii,  4  et  seq,;  in  Ontario,  Can.,  xvii  [294],  296 
[298J,  300;  precipitated  from  sulphate-solution  by  copper, 
xviii,  67,446;  production  in  Montana,  xvi,  42;  at  Rosario 
mine,  Honduras,  C.  A.,  xvii  [442]  ;  use  of,  in  alloying  alumi- 
num, xviii,  504, 553 ;  volatile  as  oxide  and  as  chloride,  xvii  [18]. 

Silver-bearing  sulphide,  methods  of  assaying,  xvi,  378. 

Silver  Bell  silver-mine.  Red  Mountain  district,  Ouray  county, 
Colo.,  xvi,  571 ;  xviii,  142, 143. 

Silver  Bell  silver-mine,  Salt  Lake  county,  Utah,  xvi  [11]. 

Silver  Bow  stamp-mill,  Butte,  Silver  Bow  county,  Mont.,  xvi,  38 
et  seq. 

Silver-bronze  :  composition  and  physical  properties,  xviii,  495 
high  electric  resistance  of,  xviii,  496. 
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Silver  City,  N.  M.,  experiments  in  trough -lixiviation,  xvi,  392. 

Silver  and  copper  precipitated  from  wash-water  by  scrap-iron 
and  sulphuric  acid,  xx,  7. 

Silver  Cord  silver-lead-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii, 
146,  et  seq. 

Silver  Ingot  MMng  at  the  Mint  of  the  United  States  at  New  Orleans 
(Claussen),  xvi  [xiz]y  83. 

Silver  Islet  silver-mine,  Ontario,  Can.,  xvii,  296. 

Silver  King  silver-mill,  Pinal  county,  Ariz.,  xx  [21]. 

Silver-leaching,  xvi,  669. 

Silver-lead-mines  :  United  States  :  Nevada :  Lincoln  county ; 
xvi  [3],  436 ;  Utah :  Beaver  county  ;  Carbonate,  xvi,  8 ;  Horn 
Silver,  xvi,  4,  7,  17 ;  Rattler,  xvi,  8 ;  San  Francisco  range, 
Frisco,  xvi,  6  ;  Juab  county ;  Tintic  district:  Beck  &  Bullion, 
xvi,  9 ;  Eureka  Hill,  xvi,  9, 17 ;  Salt  Lake  county ;  Big  Cot- 
tonwood Cafion;  Kessler,  xvi  [13];  Maxfield,  xvi  [5,13]; 
Reed  &  Benson,  xvi  [5,  13] ;  Silver  Mountain,  xvi  [13] ; 
Bingham  Cafion;  xvi,  3  et  seq,  20,  25;  Aladdin,  xvi,  12; 
American  Flag,  xvi  [11] ;  Bingham,  xvi,  21,  25 ;  Brooklyn, 
xvi,  11,  12;  Dixon,  xvi,  12,  17;  Excelsior,  xvi  [11]  ;  Galena, 
xvi  [11]  ;  Jordan,  xvi,  11  [26]  ;  Last  Chance,  xvi,  12;  Lead, 
xvi,  12,  21  [26]  ;  Live  Pine,  xvi,  12  ;  Live  Yankee,  xvi,  12  ; 
Miller,  xvi  [5]  ;  Miner's  Dream,  xvi,  11,  12;  Nast,  xvi,  11 ; 
Old  Telegraph,  xvi,  11,25;  Saturn,  xvi,  11 ;  Silver  Shield, 
xvi,  12 ;  South  Galena,  xvi,  12  ;  Spanish,  xvi,  11 ;  Stewart, 
xvi  [26] ;  Wasatch,  xvi,  11,  12,  26;  Winnamuck,  xvi,  12, 17; 
Yosemite,  xvi,  12 ;  Little  Cottonwood  Canon  ;  xvi  [3] ;  City 
Rock,  xvi  [5, 13] ;  Eclipse,  xvi  [5,  13]  ;  Emma,  xvi,  3  [5],  13, 
17,  18;  FlagstaflF,  xvi  [5],  13,  18;  Joab  Lawrence,  xvi  [5, 
13J;  New  Emma,  xvi  [13];  Prince  of  Wales,  xvi  [5,  13] ; 
Utah,  xvi,  11;  Pittsburgh,  xvi  [5];  Summit  county;  Uintah 
district;  Boss,  xvi,  14;  Sampson,  xvi,  14 ;  Tooele  county ; 
Stockton,  Honorine,  xvi,  15,  17.  Other  Countries;  China: 
J^Hol  district,  Ku-Shan-Tzu,  xix,  585,  588 ;  Lo-To-Po-Tzu, 
xix,  585 ;  Yen-Tung-Shan,  xix,  585. 

Silver-lead  smelting  (see  also  smelting- works),  xviii,  56  et  seq, 

Stlver-lead*ores  :  analysis  of  oxidized,  xvi,  581 ;  in  Black  Hills, 
S.  Dak.,  xvii,  582. 

Silver-mills  (see  amalgamation-works,  chlorination-works,  con- 
centration-works, lixiviation-works,  reduction-works,  smelt- 
ing-works,  and  stamp-mills). 

Silver-mines  :  United  States  :  Arizona :  Cochise  county ;  Brad- 
shaw,  xvii  [771];  Bunker  Hill,  xvii  [774];  Ingersoll,  xvii 
[771] ;   Knoxville,  xvii,  767  et  seq. ;   xviii,  910 ;    Luck  Sure, 
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xvii,  767,  774;  Lucky  Cuss,  xvii,  767,774;  Mammoth,  xvii 
[774];  Rattlesnake,  xvii  [774];  Vizina,  xvii  [771];  Wedge, 
xvii,  767,  774] ;  Colorado :  Chaffee  county ;  Mary  Murphy,  xvii 
[159] ;  Custer  county ;  Silver  Cliff  district,  Bassick,  xvi  [833] ; 
xviii,  453 ;  Bull-Domingo,  xvi  [833] ;  Eagle  county ;  Belden, 
xviii  [172] ;  Iron  Mask,  xviii  [172]  ;  Lake  county ;  Accident, 
xviii  [165];  Adams,  xviii  [172];  Agassiz,  xviii  [172];  A  Y, 
xviii  [146],  150  et  seq.;  Belgian,  xviii,  [167] ;  Blind  Tom,  xviii 
159 ;  Colonel  Sellers,  xviii,  146  et  seq. ;  Colorado  No.  2,  xviii, 
146  et  seq. ;  Eagle,  xviii,  163 ;  Evening  Star,  xviii  [169] ;  For- 
feit, xviii,  163;  Frenchman,  xviii,  167;  Gilt  Edge,  xviii,  165; 
Horse-Shoe, xviii,  151  etseq.;  Imes,  xviii,  151  et  seq.;  Iron  Hill 
Consolidated,  xviii,  145  etseq. ;  Iron  Silver,  xviii,  159, 165  etseq.; 
Lady  Alice,  xviii,  167 ;  Bull's  Eye,  xviii,  161 ;  Lime,  xviii, 
162  el  seq. ;  Little  Daisy,  xviii,  165 ;  Ijouisville,  xviii,  146  et 
seq.,  450 ;  McKeon,  xviii,  152  et  seq. ;  Mikado,  xviii,  146  et 
seq.;  Mike,  xviii,  165, 172;  Minnie,  xviii,  146  et  seq.;  Moyer 
Placer,  xviii,  150  et  seq. ;  Newton-Ulster,  xviii,  167 ;  Ocean 
Wave,  xviii,  163 ;  Ottawa,  xviii,  159,  163 ;  Park,  xviii,  167  ; 
Ruby,  xviii,  151  et  seq;  Satellite,  xviii,  159;  Sierra  ^Nevada, 
xviii,  165  et  seq. ;  Silver  Cord,  xviii,  146  et  seq.;  Silver  Wave, 
xviii,  161 ;  Smuggler,  xviii,  146  et  seq.;  Star,  xviii,  1^ etseq.; 
Star  of  the  West,  xviii,  159 ;  Stone,  xviii,  155  et  seq. ;  Tucson, 
xviii,  161 ;  White  Cap,  xviii,  151  et  seq. ;  Willard,  xviii,  151 
etseq.;  ©uray  county;  Red  Mountain  district;  Albany,  xvi, 
575 ;  Brooklyn,  xvi,  577 ;  Comstock,  xvi,  577  ;  Dad  Town,  xvi, 
575 ;  Enterprise,  xviii,  141 ;  Grand  Prize,  xviii,  141 ;  Guston, 
xvii  [264];  xviii,  139  et  seq.;  Hudson,  xviii,  142;  Maud  S., 
xvi,  575,  577;  Mineral  Farm,  xvi,  571;  Mono,  xvi,  577; 
National  Bell,  xvi,  571 ;  xviii,  141,  142 ;  Saratoga,  xvi,  577 ; 
Silver  Bell,  xvi,  571;  xviii,  142,  143;  Vanderbilt,  xviii, 
141,  142;  Yankee  Girl,  xvi,  571  [833] ;  xvii  [264];  xviii,  138 
et  seq.;  xx,  146;  Park  county;  London,  xviii,  262;  Pitkin 
county ;  Aspen,  xvii  [160, 161, 173],  193;  Aspen  Mining  and 
Smelting  Co.,  xx,  316;  Bonnybel,  xvii,  171  et  seq.,  202;  Chlo- 
ride, xvii  [159],  171  et  seq.,  202 ;  Connamara,  xvii,  171  et  seq., 
200;  Delta,  xvii  [171] ;,  Democrat,  xvii  [171,  173];  Durant, 
xvii,  171  et  seq. ;  Emma,  xvii  [160,  171,  176],  191 ;  Forrest, 
xvii  [171,  175,  179]  ;  Franklin,  xvii  [171] ;  Galena,  xvii  [178] ; 
General  Shields,  xvii  [171]  ;  Golconda,  xvii,  171  et  seq. ;  Her- 
cules, xvii  [171]  ;  Jessie,  xvii  [171]  ;  La  Salle,  xvii  [171,  173, 
175] ;  Last  Scheme,  xvii  [167] ;  Late  Acquisition,  xvii  [178]  ; 
Little  Giant,  xvii,  171  et  seq.;  Missouri  Boy,  xvii  [178] ;  Molly 
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Gibson,  xviii  [262] ;  Monarch,  xvii  [178] ;  Pioneer,  xvii  [178] ; 
Princeps  Louise,  xvii  [173] ;  Robert  Emmett,  xvii  [171,  176] ; 
Schiller,  xvii  [168],  171  et  seq,;  Silver  Star,  xvii  [171],  202; 
Smuggler,  xvii  [156,  159];  Spar,  xvii  [159,  171,  176],  181; 
Stillwell,  xvii  [171];  St.  Joe,  xviii  [278];  Teaser,  xvii  [171, 
173,  176];  Traynor,  xvii  [178];  Vallejo,  xvii,  171  et  seq.; 
Visino,  xvii,  171  et  aeq.,  197  [205];  Washington,  xvii  [171, 
176],  186;  San  Juan  county;  Congress,  xvii  [264] ;  Summit 
county ;  Aftermath,  xviii  [172]  ;  Milo,  xviii  [172] ;  Ten  Mile 
district.  Queen  of  the  West,  xvi,  837  ;  Robinson,  xviii,  59. 178  ; 
Idaho :  Alturas  county ;  Solace,  xvi,  459 ;  Custer  county ; 
Custer,  xvi,  372;  Montana:  Deer  Lodge  county;  Bi-metal 
lie,  xviii,  243;  Combination  Co.,  xviii,  246,- 247;  Granite 
Mountain,  xviii  [225],  243,  244;  Hope,  xviii,  244;  Silver 
Bow  county;  Butte;  Alice,  xvi,  38  et  aeq,,  54,  62  et  seq,y 
372;  Blue  Bird,  xvi,  55;  Boston,  xvi  [69];  Burlington, 
xvi  [55];  Champion,  xvi  [59];  Consolidated,  xvi  [69]; 
Elmer  Lee,  xvi  [59] ;  Fraction,  xvi,  66  et  aeq, ;  Gragnon,  xix, 
692 ;  Gambetta,  xvi  [59] ;  Gold  Flint,  xvi  [59] ;  Goldsmith, 
xvi  f69] ;  Independent,  xvi,  55 ;  Lexington,  xvi  [54,  62],  78, 
372 ;  Magna  Charta,  xvi,  42,  66  et  eeq. ;  Moulton,  xvi,  54, 
62,  66  et  seq,;  xviii  [225];  Nettie,  xvi,  55;  Poser,  xvi  [69]; 
Rainbow  Lode,  xvi,  65;  Rising  Star,  xvi,  66  et  seq.;  Sil- 
ver Sage,  xvi  [69] ;  Valdemere,  xvi,  42,  66  et  aeq. ;  Nevada : 
Eureka  county;  Secret  CaSon,  Bertrand,  xvi,  372;  Lander 
county;  Manhattan,  xvi,  372;  Lincoln  county;  Pioche,  Ray- 
mond and  Ely,  xvi,  33;  Nye  county  ;  Tybo,  xvi,  372;  Storey 
county;  Comstock  lode,  xix,  195  et  aeq.;  W^ashoe  county. 
Pyramid,  xvi,  372 ;  New  Mexico :  Dofia  Afia  county ;  Lake  Val- 
ley, xvi,  373 ;  Sierra  Grande,  xvi,  372  et  aeq. ;  Sierra  county  ; 
Chloride,  xvi,  372;  South  Dakota:  Black  Hills,  Iron  Hill, 
xvii,  584 ;  Utah:  Juab  county  ;  Tin  tic  district;  Aspinwall,  xvi, 
11 ;  Carissa,  xvi,  10 ;  Crismon-Mammoth,  xvi,  10;  Elmer  Ray, 
xvi  [10];  Golden  Treasure,  xvi,  11;  Hidden  Treasure,  xvi 
[10];  Jo.  Bowers,  xvi,  11;  Julian  Lane,  xvi,  11;  Kenzie,  xvi 
.  [10] ;  Northern  Spy,  xvi,  10;  North  Star,  xvi  [10]  ;  Spy  No.^, 
xvi  [10];  Sunbeam,  xvi  [10];  Tesoro,  xvi,  11;  Salt  Lake 
county :  Silver  Bell,  xvi,  11 ;  Summit  county ;  Uintah  district, 
Anchor,  xvi  [5J,  14;  Apex,  xvi  [5],  14;  Crescent,  xvi  [5J,  14, 
17  ;  Daly,  xvi  [5],  13, 372  et  aeq. ;  Hawkeye,  xvi,  15;  Lowell,  xvi, 
15, McHenry,  xvi,  15 ;  Ontario,  xvi,  4  et  aeq,,  35,  372  etaeq.,  835 : 
Parley's  Park,  xvi,  15;  Tooele  county;  Stockton,  xvi,  3  [6], 
15 ;  Washington  county ;  Christy,  xvi,  16 ;  Silver  Reef,  xvi 
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[4],  16,  382  et  aeq. ;  Stormont,  xvi,  16.  Other  Countkies  : 
Australia :  New  South  Wales ;  Broken  Hill,  xx,  149 ;  Bolivia^ 
S,  A. :  Potosl  district,  Cotamitos,  xix,  74, 77  ;  Canada:  Quebec, 
xviii,  332 ;  China ;  Mongolia,  xx,  88 ;  Colombia,  S.  A, :  Dept.  of 
Antioquia,  Zancudo,  xviii,  213;  Dept.  of  Tolima,  Bocan^me, 
xviii,  212;  Calamonte,  xviii,  211;  El  Cristo,  xviii,  212; 
Trias,  xviii,  212;  Organos,  xviii,  212;  Santa  Ana,  xviii,  212  ; 
Santa  Maria,  xviii,  212  ;  Silencio,  xviii,  212;  Honduras,  C  A,: 
Animas,  XX,  395 ;  Blanco,  xx,  405 ;  California,  xx,  395;  Cuyal, 
XX,  402 ;  Dolores,  xx,  402;  El  Pais,  xx,  405 ;  Gatal,  xx,  405  ; 
Gauchupulin,  xx,  405  ;  Guadalupe,  xx,  400 ;  Guasucaran,  xx, 
399  ;  La  Victorina,  xx,  402 ;  Los  Chanchos,  xx,  405 ;  Mercedes, 
XX,  405;  Mina. Grande,  xx,  403;  San  Andres,  xx,  400;  San 
Bartolo,  xx,  400 ;  San  Francisco,  xx,  405 ;  San  Juan  Palo,  xx, 
405;  San  Luis,  xx,  401  ;  Santa  Ana,  xx,  405;  Santa  Elena, 
XX,  402 ;  Santa  Lucia,  xx,  403,  405 ;  Ternero,  xx,  405 ;  Vic- 
toria, XX,  402;  2iOpilotiera,  xx,  402;  Mexico:  Chihuahua 
Cusihuiriachic,  xvi,  362  et  seq, ;  North  Mexican,  xvi,  372 
San  Antonio,  xvi,  372  ei  aeq, ;  San  Bartolo,  xvi,  373  et  seq. 
San  Miguel,  xvi,  372  et  seq.  ;  Veta  Grande,  xvi,  372  et  seq. 
Department  del  Centro ;  Penoles,  xvi,  46Q.;  San  Geromino 
xvi,  40 :  Nuevo  Leon ;  Buena  Vista,  xvi,  460 ;  Sinaloa, 
Yedras,  xvi,  372  et  seq,;  Sonora;  Minas  Prietas,  xvi,  461 
Zacatecas ;  Carmen,  xvi,  372 ;  Sombrerete,  xvi,  372  etseq, ;  Peru 
Cerro  de  Pasco,  xvi,  734 ;  Department  of  Junin,  Coiquijirca, 
xvi,  733,  740. 

Silver-mining :  causes  of  unprofitable  condition  of,  at  Butte, 
Mont.,  xvi,  43;  exhaustion  of  free  milling-ores,  xvi,  43;  in 
Mongolia,  China,  xx,  88 ;  in  Utah,  xvi,  3. 

SUver-Mining  and  Milling  at  Butte,  Montana  (Blake),  xvi  [zviit],  38. 

Silver  Mountain  silver-lead-mine,  Big  Cottonwood  Cafion,  Salt 
Lake  county,  Utah,  xvi  [13]. 

Silver-ores :  analyses  of,  xvi,  74,  748 ;  x^vii,  769 ;  xviii,  247  ;  at 
Broken  Hill,  New  South  Wales,  xx,  149;  at  Butte,  Mont, 
xvi,  62 ;  on  Canadian  Shore  of  Lake  Superior,  xvi,  191 ; 
Chinese  method  of  smelting,  at  Yen-Tung-Shang  mines,  xix, 
587 ;  concentration  before  amalgamation  for  partly  decomposed 
ores,  xviii,  242;  cost  of  smelting,  in  Denver,  Colo.,  xviii,  277  ; 
matting  dry  auriferous,  xvi,  257 ;  matting,  by  fusion  in  a  blast- 
furnace at  Mineral,  Idaho,  xx,  545 ;  Russell  process  for  leach- 
ing, xvi,  362;  smelting,  in  blast-furnace  and  reverberatory 
compared,  xix,  843;  treatment  of  manganiferous,  xviii,  910; 

treatment  of  ores  and  tailings  at  Comstock  Lode,  Nev.,  xix, 

11 
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196 ;    value  of,  to  Colorado  miners,  xviii,  58 ;   wire-Bilver  in 
Rainbow  Lode,  Butte,  Mont,  xvi,  74. 

Silver  Reef  eilver-minee,  Washington  county,  Utah,  xvi  [4],  16, 
382  et  seq. 

Silver  Sage  silver-mine.  Silver  Bow  county,  Mont,  xvi  [69]. 

Silver  Shield  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  12. 

Silversmith  case,  involving  validity  of  end-lines  in  a  mining 
claim,  xvii,  787,  794. 

Silver  Star  silver-mine,  Pitkin  county,  Colo.,  xvii  [171],  202. 

Silverton  mining  district,  San  Juan  county,  Colo.,  xviii  [140]. 

Silver  Wave  silver-mine,  Iron  Hill.  Lake  county,  Colo.,  xviii,  161. 

Similias  tin-mine,  Black  Hills,  S.  Dak.,  xviii,  54. 

Simonds' Rolling  MachitKr-Co.,  Fitchburg,  Mass.;  visit  to  works  of, 
xvi,  xxxtni. 

Singapore  tin,  xx,  82. 

Singer,  Nimick  &  Co.,  Pittsburgh,  Pa.,  visit  to  furnaces  of,  xix, 
jzxiv. 

Singkep,  island  of,  Indian  Archipel^o,  tin-mines  at,  xx,  50  et^eq. 

Sinking  Through  Wet  Oravel  and  Quichand  near  Nijrvoay^  Mkh. 
(Kelly),  xx  [Zmi],  188. 

^ize  of  gold  particles  in  auriferous  pyrites,  xvii  [29]. 

Size  and  weight  of  ore-lumps  in  sampling  by  hand,  xx,  158, 159. 

Sizing  in  concentration  of  iron*<Mre»  xvii,  738. 

Sizing  of  ores  for  jigging,  is  close  sizing  advantageous?  xvii,  637. 

Slag^:  analyses  of,  xvi,  148, 344, 714 ;  xviii,  63, 685  et  seq. ;  analy- 
sis of  Muirkirk,  xvii,  470 ;  basic,  used  as  fertilizer,  xix,  362, 
533, 831 ;  in  Birmingham  district,  Ala.,  xvii,  140 ;  cement  from 
blast-furnace  slag,  xix,  350 ;  as  fertilizers,  xvii,  84 ;  xx,  385, 
584 ;  from  matting  dry  auriferous  silver-ores,  xvi,  260 ;  method 
of  analysis,  xix,  131 ;  phosphatic-slag  as  a  fertilizer,  xvii,  84 ; 
puddle-  and  re-heating,  for  paint-stock,  xx,  385;  thermal 
properties  of,  xviii,  724 ;  treatment  of,  from  matte  smelting, 
xviii,  63  et  seq.;  treatment  of,  from  Scotch  hearth,  xviii,  677. 

Slag-eye  furnace  for  rihh  lead-slags,  xviii,  679. 

Slagging- valve  for  tuyeres,  xvii,  389. 

Slag-paint,  manufacture  of,  et  Boonton,  N.  J.,  xx,  386,  393. 

Slate  in  Quebec,  Can.,  xviii,  318,  328. 

Slate-picker,  automatic,  at  Drifbon,  Pa.,  xix,  424. 

Slickensides,  xx,  500,  506,  514. 

Slimes  (see  also  tailings) :  tank  for  continuous  concentration, 
xviii,  260 ;  treatment  of,  to  save  silver,  xviii,  250 ;  treatment 
of,  in  concentration-works,  xvii,  656. 
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Sloss  Steel  and  Iron  Co.,  North  Birmingham,  Jefferson  county, 
Ala.,xvii,  61,  210  et  aeq.;  blast-furnaces  of,  xvi,593 ;  xvii  [152]. 

Sluicing  tailings  for  lixiviation-plant,  xx,  4. 

Smelting :  blast-furnace,  and  reverberator^,  compared,  xviii,  60 ; 
cost  of,  for  ores  of  Aspen,  Colo.,  xviii,  277  ;  development  of, 
in  the  West,  xviii,  55  ;  by  electricity,  xvii,  559 ;  electrical,  for 
aluminum-alloys,  xviii,  666 ;  galena  at  Joplin,  Mo.,  xviii,  678 ; 
gold-ores  in  Hungary,  xvi,  267  ;  nickel-copper  ores  at  Sud- 
bury, Can.,  xviii,  286 ;  product  of  silver-lead,  in  Colorado  in 
1877  and  1888,  xviii,  60. 

Smelting-furnaces  (silver-lead)  :  Utah :  Beaver  county  ;  Horn 
Silver,  xvi  [18]  ;  Salt  Lake  county;  Germania,  xvi  [18],  19, 
21 ;  Hanover,  xvi  [18],  21 ;  Mingo,  xvi  [18]. 

Smelting-works  (see  also  chlorination-works,  concentration- 
works,  gold-mills,  lixiviation-works,  reduction  works,  and 
stamp-mills):  Arizona:  Cochise  county,  Tombstone, xvii, 771, 
773 ;  Colorado :  Arapahoe  county,  Argo,  Boston  and  Colorado 
smelting-works  (new),  xviii,  61 ;  Denver,  Swansea,  xviii  [67]  ; 
Clear  Creek  county ;  Brown  Mining  and  Smelting  Co.,  xviii 
[57];  Gilpin  county;  Black  Hawk,  Boston  and  Colorado 
smelting-works  (new),  xviii,  55  et  seq:  Gunnison  county, 
Tomichi  Valley,  xx,  171 ;  Missouri :  Madison  county ;  Mine 
La  Motte,  xx  [166]:  Montana:  Meagher  county;  Toston,  xvi, 
258 ;  Utah:  Salt  Lake  county ;  Bingham  Cafion,  Old  Telegraph, 
xvi  [19]  ;  Little  Cottonwood  Caiion,  Sandy,  Flagstaff,  xvi,  19; 
Canada :  Quebec,  Eustis,  xviii  [319], 

Smith,  £.  A.,  on  Cahaba  coal-fieldd,  Ala.,  xvii,  209. 

Smith,  Frank  Clemes:  A  Proposed  Method  for  Working  TeUurides, 
xviii  [jrxvi],  439. 

Smith,  J.  C,  analysis  of  Low  Moor  flue-dust,  xvii,  130. 

Smith,  Oberlin  :  Aluminum  in  the  Drawing-Press,  xviii  [xxxi]j  476 ; 
Aluminum  in  Search  of  a  NicknamCy  xviii  [xxzi],  482  ;  Cast-Iron 
Tools  for  Cutting  Metalsynix  [ix],  317;  Nails  from  Tin  Scraps 
xvii  [x/in],  495. 

Smith  oil-well,  Clarksville  township,  Allegany  county,  N.  Y.,  xvi, 
934. 

Smock,  John  C.  :  Biographical  Notice  of  George  H,  Cook,  xviii  [xxjov]^ 
218 ;  Review  of  the  Iron-Mining  Industry  of  New  Jersey,  xx  [WJ, 
215  ;  A  Review  of  the  Iron-Mining  Industry  of  New  York  for  the 
Past  Decade,  xvii  [xim],745;  on  magnetites  of  Northern  New 
York,  xviii,  748. 

Smuggler  Mountain,  Aspen,  Pitkin  county,  Colo.,  xvii  [156,  159, 
180] ;  visit  to  mines  of,  xviii,  xxii. 

Smuggler  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  146 
etseq. 
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Snake  river,  Idaho;,  copper-deposits,  xix  [698];  gold-deposit, 
xviii,  597. 

Snell,  A.  T.,  on  the  Normantown  pumping-  and  hauling-plantt«, 
xviii,  422. 

Snelus,  G.  J. :  remarks  in  discussion  of  Sir  Lowthian  Bell's  paper 
on  the  probable  future  of  the  manufacture  of  iron,  xix,  852 ;  of 
Mr.  Gayley's  paper  on  American  blast-furnaces,  xix,  974  ;  of 
Prof.  Langley's  paper  on  international  standards  for  the  analy- 
sis of  iron  and  steel,  xix,  633  ;  of  Mr.  Thielen's  paper  on  the 
Darby  process  of  recarburization,  xix,  806. 

Sncyd  colliery.  North  Staffordshire,  Eng.,xvii  [431,  432]. 

Snowden  township,  Ontario,  Can.,  magnetic  iron-ore,  xv^i,  140. 

Sno^vdon  iron-district,  Haliburton  county,  Can.,  xix,  33. 

Snow-slides  (sec  avalanches). 

Soaking-pits :  advantages  of  unfired  pits,  xix,  538;  in  America, 
xix,  538 ;  in  Europe,  xix,  311,  534. 

Soaping  Geysers  (Hague),  xvii  [xliit]^  546. 

Soaping  Geysers  (Raymond),  xvii  [xxv],  449. 

Soaproot  gold-mine,  West  Point,  Calaveras  county,  CaL,  xviii,  643. 

Soap-stone  :  analysis  of,  xviii,  406 ;  as  product  of  decomposition, 
xviii,  405. 

Soap-test  for  hard  water,  xvii,  354. 

Sodium  and  calcium  sulphides  as  re-agents  in  precipitation,  xx, 
18. 

Sodium  hyposulphite  from  tetrathionate,  regeneration  of,  xx,  26. 

Sodium-sulphide  mixing-tanks  for  lixiviation-plant,  xx,  8. 

"  Softeners  "  of  pig-iron,  xvii,  684,  702. 

Soft  ore-bodies,  mining  in,  at  Low  Moor,  xvii,  103. 

Soho  Iron  Mills,  Pittsburgh,  Pa.,  visit  to,  xix,  zxiv. 

Solace  silver-mine,  Alturas  county,  Idaho,  xvi,  459. 

Solder  for  aluminum,  xviii,  554. 

Solution-outlets  for  ore-tanks,  xx,  5. 

Solution,  standard,  for  the  colorimetric  test,  xvi,  111. 

Solution-sumps  for  lixiviation-plant,  xx,  7. 

Sombrerete  silver-mine,  Zacatecas,  Mex.,  xvi,  372  et  seq. ; 

Some  Experiments  on  Blast-Furnace  Gases  (Whiting),  xx  [lvi%],  280. 

Some  Ontario  Magnetites  (Ledvard),  xix  [x],  28 ;  discussion,  xx 
[Iviq,  172. 

Some  Recent  Improvements  in  Open-Hearth  Steel  Practice  (Hunt),  xvi 
[xxix],  693. 

Sffme  Tests  of  tlie  Relative  Strength  of  Nitro-Glycerine  and  other  Explo- 
sives (Clark),  xviii  [xxi],  515. 

Some  Thoughts  Relating  to  the  American  Institute  of  Mining  Engineers 
and  its  Mission  (Potter),  xvii  [a:xa^],  485. 
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Some  Thoughts  and  Suggestions  on  Technical  Education  (Eoleston), 

xvi  [zxviii],  623. 
Sopwith,  T.,  method  of  making  models,  xvi,  282.  * 

South  Australia  copper-deposits,  xix,  688. 
South  Bellevue  gold-mine,  Victoria,  Australia,  xx,  467. 
South  Boston  Iron- works,  visit  to,  xvi,  xxxviL 
South  Carolina,  manufacture  and  consumption  of  phosphoric  acid 

fertilizer  in,  xvii,85. 
South  Chicago  steel-works,  use  of  petroleum  as  fuel  at,  xvii,  807. 
South  Dakota:    Cow  Boy  tin  mine,  xvii,  786;   gold  ore  of  the 

Black  Hills,  xvii,  498 ;  ore-deposits  of  Black  Hills,  xvii,  570 ; 

School  of  Mines,  Rapid  City,  concentration  plant  at,  xvii,  597. 
Southern  Hills  tin  vein,  Black  Hills,  S.  Dak,,  xvii,  596 ;  xviii.  4. 
Southern  iron-ores ;  irregular  in  composition,  xvii,  144  ;  readily 

reducible,  xvii,  147. 
South  Galena  silver-lead-mine,  Bingham  Ca2on,  Salt  Lake  county, 

Utah,  xvi,  12. 
South  New  Chum  gold-mine,  Victoria,  Australia,  xx,  501. 
Southwest  Coal  and  Coke  Co.,  ventilating  fans  at  Morewood  col- 
liery, Connellsville,  Pa.,  xx,  655. 
South  works  furnaces,  Illinois  Steel  Co.,  South  Chicago,  111.,  xx, 

286  et  seq. 
Spain  :  Bilbao  iron-district,  xvi,  174;  xvii,  719;  bituminous  lime- 
stones, xvii  [362]  :  hematite  at  Bilbao,  xix  [839]. 
Spang  Steel  and  Iron  Co.,  Etna,  Pa.,  visit  to  works,  xix,  xxiv, 
Spanish  pyrites,  influence  in  cheapening  sulphuric  acid,  xvii,  84. 
Spanish  silver-lead-mine,  Bingham  Canon,  Salt  Lake   county, 

Utah,  xvi,  11. 
Sparre  on  grains  of  solids  falling  freely  in  water,  xvii  [640]. 
Spar  silver-mine,  Pitkin  county,  Colo.,  xvii  [159,  171,  176],  181.    ' 
Spathic  iron-ores :  magnetized  by  roasting,  xix  [290]  .  in  Nova 

Scotia,  xviii,  203. 
Spaulding,  H.  C:  Electric  Power- Ti-ansinission  in  Mining  Operations, 

xix  [yiii],  258;  remarks  in  discussion  of  Mr.  Eiler's  paper  on 

electric  locomotives  in  German  mines,  xx,  368. 
Specifications  for  Cast-Iron    Coaled    Water-Pipe    (Yardley),    xviii 

[pdviii],  661. 
Specifications  :  for  manufacture  of  steel  rails,  xvii,  226,  238  ;  for 

structural  material,  importance  of  standards  for,  xvii,  493. 
Specific  gravity :  of  commercial  aluminum,  xviii,  531 ;  of  various 

minerals  likely  to  demand  water-separation,  xviii,  645. 
Specific  heat:  of  aluminum,  xviii,  535;  of  silicates,  xviii,  724. 
Specular  iron-ore :  in  North  Carolina,  xvi  [846]  ;  in  Pictou  county, 

N.  S.,  xvi  [139] ;  Vermilion  range,  Minn.,  xvi,  180. 
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Speer,  John  G.,  remarks  in  discussion  of  Prof.  Langley's  paper 
on  aluminum  in  steel  ingots,  xx,  239. 

Spencer,  J.  W. :  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 
aluminum-steel,  xix,  1093 ;  on  geology  of  Niagara  Falls,  xvii 
[322].   . 

Spense  automatic  desulphurizing  furnace,  xvii  [541]. 

Spcrry,  F.  L.,  method  of  electrical  nickel-assay,  xviii,  283. 

Sperrylite  (arsenide  of  platinum)  in  Canada,  xviii  [450]. 

Sphalerite  in  silver-veins  at  Butte,  Mont,  xvi,  62. 

Spheres,  laws  governing  velocity  of  fall  of,  in  still  water,  xvii, 
638. 

Spilsbury,  E.  Gybbon  :  The  Chkrination  of  Oold-Bearing  Sulphides, 
xvi  [xviiijy  359;  Notes  on  a  Novel  Cable-Transfer  for  Railroad" 
Cars,  and  the  Use  of  the  Locked-  Wire  Rope,  xx  [fern*],  766 ;  re- 
marks on  matting  dry  auriferous  silver-ores,  xvi,  265 ;  in  dis- 
cussion of  preparation  of  small  sizes  of  anthracite,  xx,  619  ; 
on  treatment  of  southern  gold-ores,  xvii  [315,  320]. 

Spiral-drums  to  equalize  load  on  winding-engines,  xvii,  305. 

SpiraUy- Welded  Steel  Tkhes  (Bayles),  xix  [«mt],  1112. 

Spirally-Welded  Tubing  (Bayles),  xvi  [oKmt*],  547. 

Spiral  Weld  Tube  Works,  East  Orange,  N.  J.,  visit  to,  xvii,  zliii  ; 
xix,  orw. 

Spitzkasten  at  St.  Joseph  Lead  Works,  Bonne  Terre,  Mo.,  xvii 
[662],  673. 

Spitz-lutte,  xviii,  257. 

Splice-bars,  specifications  for  manufacture  of,  xviii,  624. 

Spodumene,  large  crystals  in  Black  Hills,  S.  Dak.,  xvii,  591. 

Sprague  electric  motors,  xvii,  558,  563. 

Sprague,  Electric  Railway  and  Motor  Co.,  xx,  318. 

Sprague,  John  T.,  on  the  true  source  of  energy  in  electric  batteries, 
xviii,  350  et  aeq: 

Springer  farm,  Clarksville  township,  Allegany  county,  N.  Y.,  oil- 
wells,  xvi,  936. 

Springer  puddling  furnace,  xix,  356. 

Spring  Lake  furnace,  Bangor,  Mich.,  record  of  working  and  pro- 
duct, xix,  992  et  seq, 

Spuyten  Duy vil  rolling-mills,  N.  Y.,  xvii  [227]. 

Spy  No.  2  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi  [10]. 

Squier's  iron-mine,  Morris  county,  N.  J.,  xx  [221]. 

Stafford,  C  E.,  remarks  in  discussion  of  Prof.  Langley's  paper  on 
aluminum  in  steel  ingots,  xx,  239. 

Stamp-mills  (see  also  chlorination-works,  concentration-works, 
gold-mills,  •  lixiviation-works,  reduction-works  and  smelting- 
works)  :  United  States  :   Arizona :  Cochise  county  ;  Tomb- 
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stone,  xvii,  771,773;  Pinal  county;  Silver  King,  xx  [21]; 
Idaho :  Custer  county ;  Custer,  xvi,  372 ;  Maryland :  Mon- 
gODaery  county;  Eagle,  xviii,  401 ;  Harrison,  xviii,  403;  Irma, 
xviii,  403 ;  MonUma :  Deer  Lodge  county  ;  Philipsburg,  Algon- 
quin, xviii  [223] ;  Silver  Bow  county ;  Butte,  Alice,  xvi,  38  et 
9eq.,  77  et  aeq,,  372;  Blue  Bird,  xvi,  38  et  aeq.y  470  ;  Lexington, 
xvi,  38  et  seq.^  372 ;  Moulton,  xvi,  38  et  acq, ;  Silver  Bow,  xvi, 
38  et  seq. ;  Nivada:  Lander  county  ;  Manhattan,  xvi,  372  ;  Mt. 
Corry,  xx  [17]  ;  Lincoln  county ;  Pioche,  M&dow  Valley,  xvi, 
382  et  seq, ;  Raymond  and  Ely,  xvi,  382  et  seq.  ;  Nye  county ; 
Tybo,  xvi,  372 ;  Washoe  county ;  Pyramid,  xvi,  372  ;  Washoe 
Gold  and  Silver  Mining  Co.,  Gold  Hill,  xix,  197  ;  New  Mexico : 
Grant  county ;  Silver  City,  Bremen,  xvi,  382  et  seq. ;  South 
Dakota :  Black  Hills,  general  description  of,  xvii,  501 ;  Law- 
rence county;  Central  City,  Cassel,  xvii,  500;  Father  de Smet, 
xvii  [498],  500  et  fUeq.;  Lead  City,  Grolden  Star,  xvii,  500  et  seq. ; 
Highland,  xvii,  500  et  aeq, ;  Homestake,  xvii,  500  et  seq. ; 
Terraville,  Caledonia,  xvii,  500  et  seq.;  Deadwood,  xvii,  500 
et  seq. ;  Golden  Terra,  xvii,  500  et  seq;  Utah :  xvi  (gold)  [18] ; 
Juab  county ;  Tintic  district,  Northern  Spy,  xvi,  10  [18] ;  Salt 
Lake  county ;  Bingham  Cafiion,  Revere,  xvi,  20 ;  West  Jordan 
Old  Telegraph,  xvi,  28 ;  Summit  county ;  Park  City,  Daly, 
xvi,  18,  372  d  seq. ;  Marsac,  xvi,  21,  470  et  eeq. ;  xx,  7  et  seq,,  17 
et  seq. ;  Ontario,  xvi  [18],  372  et  seq. ;  Washington  county ; 
Silver  Reef,  xvi  [18],  382  et  seq.  Other  Countries  :  Australia  : 
Victoria,  Bendigo  gold-field,  xx,  531 ;  Oolombiay  S.  A. :  Antio- 
quia,  xviii,  211 ;  Honduras^  C  A,,  xx,  395  et  seq.;  Mexico:  Chi- 
huahua, Cusihuiriachic,  xx,  29;  North  Mexican,  xvi,  372; 
Parral,  Rubio,  xvi,  452 ;  San  Antonio,  xvi,  372  et  seq. ;  San 
Miguel,  xvi,  372  et  seq. ;  Veta  Grande,  xvi,  372  et  aeq. ;  Sinaloa, 
Yedras,  xvi,  372  et  seq. 

Standards,  international,  for  the  analysis  of  iron  and  steel,  xix, 
614. 

Standards,  international  metric,  U.  S.  prototype  of,  xviii,  716. 

Standard  solutions  for  the  colorimetric  carbon  test,  xvi.  111. 

Standard  specifications  for  structural  material,  xvii  [493]. 

Stanley,  Henry  M.  :  Photographic  and  Co-Ordinate  Surveying,  xx 
[mr],  740. 

Stannite,  in  Black  Hills,  S.  Dak.,  xviii  [4]. 

Stanton  coal-mine,  Wilkes-Barre,  Pa.,  xx  [650]. 

Star  mining  district,  Beaver  county,  Utah,  xvi  [9]. 

Star  silver-mine.  Iron  Hill,  Lake  county,  Colo ,  xviii,  165, 172. 

Star  of  the  West  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii, 
159. 


168  TRANS.   AM.   INSTITUTE  OF  MINING  ENGINEfiRS. 

Stassfurt,  Germany,  salt-mine,  xvii  [110]. 

State  ^a8-well,  Syracuse,  N.  Y.,  xvi,  944. 

Staten  Island,  N.  Y.,  iron-ores  (limonites),  xvii,  [746],  749. 

Statistics  of  Alabama  coal-field  for  1887,  xvii,  206. 

Statistical  charts  of  Mr.  John  Hughes,  illustrating  the  progress  of 
various  countries  in  the  production  of  coal,  iron  and  steel  as 
related  to  population,  wealth,  prices,  and  productivity  of  land, 
xix,  503. 

St.  Clair  Coal  Co^  Ragland,  St.  Clair  county,  Ala.,  xvii,  210  et9eq. 

St.  Clair  copper-mine,  Lake  Superior,  Mich.,  xix,  702. 

St.  Clair  county,  Ala. :  coal-mines,  xvii,  210  etseq, ;  coal  product 
in  1887,  xvii,  207,  210. 

Stead,  J.  E.,  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 
aluminum  steel,  xix,  1073. 

Stead  and  Ridsdale:  average  composition  of  English  slag,  xvii, 
86  ;  crystals  in  basic  slag,  xvii,  89. 

Steam  :  advantages  of,  in  blowing  process,  xviii,  612,  863 ;  genera- 
tion of,  with  gaseous  fuel,  xviii  [613],  875 ;  specific  heat  of, 
xvii,  100. 

Steam-boilers,  waste  gas  of  blast-furnace  as  fuel  for,  xvii,  50. 

Steam-engine,  Rankine  on,  xvii  [80,  81]. 

Steam-stamps  in  use  in  Black  Hills,  S.  Dak.,  xvii,  528. 

Steel  (see  open-hearth  steel  and  Bessemer  steel) :  analysis  of,  xvi, 
272, 715 ;  xvii,  64  ;  xviii,  88 ;  xix,  545, 546 ;  basic  open-hearth 
process  of  manufacture,  xvi,  718;  Bofors  steel  cast  guns,  xvi, 
557 ;  Darby  process  of  recarburization,  xix,  790 ;  determina- 
tion of  phosphorus  in,  xvii,  100 ;  xviii.  705  ;  economy  in  large 
ingots  for  casting  and  rolling,  xix,  314 ;  effect  of  aluminum 
on,  xviii,  557,  835 ;  from  pig-iron  by  Henderson  process,  xvii, 
60;  German  practice  in  metallurgy  of,  since  1876,  xix,  331  ; 
Imperatori  process,  xx.  111 ;  imports  into  the  Dominion  of 
Canada,  xvi,  131 ;  improvements  in  open-hearth  practice,  xvi, 
693;  manganese  in,  xvi,  355  ;  manufacture  of,  in  open-hearth 
furnace  in  Germany,  xix,  374 ;  open-hearth  bridge,  xviii,  88 ; 
percentage  of  carbon  in,  at  Croton  magnetic  iron-mine,  N.  Y., 
XX,  128  ;  phosphorus  limit  for  structural  steel,  xvii,  90;  phys- 
ical tests  of,  xvi,  728  ;  physical  tests  of  open-hearth,  xviii,  90; 
pig-and-ore  process  of  manufacture,  xvi,  718, 725 ;  production, 
xix,  332,  510,  831 ;  quality  of,  obtained  with  Imperatori  pro- 
cess, XX,  128;  specifications  in  U.  S.  for,  xix,  917, 918;  spirally- 
welded  tubes,  xvi,  653,  555;  xix,  1112;  standard  sha^ies  for 
tests,  xix,  921 ;  sulphur  in  Bessemer  steel,  xix,  544 ;  treatment 
in  soaking-pits,  xix,  534;  welding  by  electricity,  Thomson 
system,  xix,  877. 
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Steel  Company  of  Canada,  xvi,  135  et  seq. 

Steel  ingots,  aluminum  in,  xx,  233. 

Steel  propellers,  xviii,  486. 

Steel  rails  (see  also  rails):  analyses,  xvii,  234, 237 ;  xix,  896 ;  certain 
conditions  in  the  manufacture  of,  which  may  influence  their 
life  in  service,  xvi,  594  ;  development  of,  xvii,  226 ;  Dudley 
sections,  xvii,  783 ;  mild  V8.  hard  steel,  wearing-power  of,  xix, 
892 ;  proposed  sections,  xvii,  778 ;  specifications  for,  xvii,  238, 
425. 

SUel  Rails  and  Spec^ications  for  their  Manvfacture  (Hunt),  xvii  [xocv], 
226. 

Steel  water  jackets,  cast,  xvii,  131. 

Steel- works :  Alabama:  Jefferson  county.  North  Birmingham, 
Henderson  Steel  and  Manufacturing  Co.,  xvii,  60;  Sloss  Steel 
and  Iron  Co.,  xvii,  61,  211,  212 ;  lUinms:  Joliet  Steel  Works, 
XX,  256 ;  New  York :  Putnam  county  ;  Brewster,  Ramel-Conley, 
XX,  607 ;  Pennsylvania:  Allegheny  county,  Pittsburgh,  Carbon 
Iron  Co.,  xvii,  678 ;  Cambria  county ;  Johnstown,  Cambria, 
xvii  [227] ;  Dauphin  county ;  Steelton,  Pennsylvania  Steel 
Co.,  xvii,  150,  227,  809 ;  xx,  228 ;  Delaware  county  ;  Chester, 
Chester  Steel  Castings  Co.,  xvii,  131 ;  Philadelphia,  Midvale, 
XX  [241];  Engltmd:  Middlesbrough,  Northeastern  Steel  Co., 
xvii  [86] ;  Germany :  Ruhrort,  Rhein  St«el  Works,  xvii  [93]  ; 
Sweden  :  Wermland,  Bofors,  xvi,  557. 

Steiermark,  Austria,  magnesite,  xvi,  720,  721. 

Stephanite  at  Aspen,  Colo.,  xvii  [204]. 

Sterling  iron-mine,  Rockland  county,  N.  Y.,  xvii  [746J. 

Stetefeldt,  C.  a.  :  71^€  Construction  of  Details  for  a  Modem  Lixivia^ 
tion  Plant,  xx  [Imi],  3 ;  The  Precipitalimxs  of  Metals  from  Hypo- 
sulphite  Solutions,  xx  [Iviix]  15 ;  The  Refining  of  Sulphides  Ob- 
tained in  the  Lixiviation  Process  vrith  Hyposulphite  Solutions,  xx 
[Iviii^,  37  ;  on  loss  of  gold  in  roasting,  xvii,  10,  11,  36  ;  on  a 
method  for  treating  tellurides,  xviii,  443. 

Stetefeldt  roasting-furnace :  xvi,  21,  367  et  seq. ;  roasting  gold  in, 
xvii,  11. 

Steuben  county,  N.  Y.,  natural  gas,  xvi  [910],  959. 

Stevens's  Diggings,  Jasper  county.  Mo.,  lead-deposits,  xviii,  676. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  session  at,  xvii, 
xliii, 

Stevens,  W.  H.,  and  Wood,  A.  P.,  discoveries  of  Leadville  ore- 
deposits  by,  xviii,  146. 

Stewart  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi  [26]. 

Stewart's  Knob  iron-ore  deposits,  Patrick  county,  Va.,  xx,  178. 
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Stickney,  George  H..  analysis  of  Baltimore  ores,  xvii,  471. 
Stickney  Iron  Co.,  Baltimore,  Md.,  strensrtb  of  iron,  xvii,  4G3  et  seq. 
Stillman  oil-wells,  Grenesee  township,  Allegany  county,  N.  Y.,  xvi, 

984  et  seq. 
StiUwell  silver-mine,  Pitkin  county,  Colo.,  xvii  [171]. 
Stirling  i)la8t-furnace,  Morris  county,  N.  J.,  xx  [216]. 
Stirrers  for  precipitating-tanks  for  lixiviation-plani,  xx  6. 
Stives  oil-well,  Allegany  county,  N.  Y.,  xvi,  934. 
St.  Joe  silver-mine,  Aspen,  Pitkin  county,  Colo.,  xviii  [278]. 
St.  John's  coal-mine,  Normantown,  England,  electric  haulage 

plant  at,  xviii,  422. 
St.  Joseph  Lead  Works,  Bonne  Terre,  Mo.,  xvii,  564,  637  et  teq. 

659 ;  xviii,  263. 
St.  Lawrence  cooper-mine,  Butte,  Mont,  xix,  690. 
St.  Lawrence  county,  N.  Y.,  iron-district,  xvii  [745],  747. 
St.  Lawrence  valley,  Ontario,  Can.,  natural  gas,  xviii,  290. 
St.  Louis  Sampling  and  Testing  Works,  St.  Louis,  Mo.,  xvii,  387. 
Stobie  nickel-mines,  Sudbury,  Can.,  xviii,  280,  289. 
Stockton,  Tooele  counl^,  Utah,  sUver-lead^mines,  xvi,  3  [6],  15. 
Stoek,  H.  H.  :  Notes  on  the  Iron-Ores  of  DanviUe,  Pennsylvania^  with  a 

Description  of  the  Long-  Wall  Method  of  Mining  Used  in  Working 

Them,  xx  [fanr],  369. 
Stone-Coal  in  the  Lead  Blast-Fwmace  (Neill),  xx  \lviii\  165. 
Stone  coal-mine,  Sequatchie  county,  Tenn.,  xvii  [47]. 
Stone  Hill  copper-mine,  Cleburne  county,  Ala.,  xix,  694. 
Stone  iron-mine,  Vermilion  district,  Minn.,  xvi,  181,  182. 
Stone  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  155  et  seq. 
Storage-batteries,  xviii,  348. 
Storage  of  water  in  Arizona,  xvii,  476. 
Storage-tanks  for  precipitates  for  lixiviation-plant,  xx,  7. 
Stbrmont  silv«v-mine,  Siiver  Reef  distiipt,  Washington  county, 

Utah,  xvi,  16. 
Storrs,  a.  H.,  remarks  in  discussion  of  Mr.  Norris's  paper  on  cen- 
trifugal ventilators,  xx,  670,  673. 
Stoutenbergh  iron-mine,  Morris  county,  N.  J.,  xx  [222 J. 
Stoves  for  hot-blast,  regenerative,  xvii,  680. 
Straightening-table  for  iron  and  steel  plates,  xx,  348. 
Straits  tin,  xx,  82. 

Straker,  Tooke,  on  preparation  of  small  sizes  of  anthracite,  xx,  622. 
Strata-maps,  construction  of,  xvi,  768. 
Stream -measurements  of  the  U.  S.  Geological   Survey,  xx,  547 

et  seq. 
Stream-tin :   analyses,  xvii,  596 ;  in  Black  Hills,  S.  Dak.,  xvii, 

596 ;  xviii,  4  ;  in  Sumatra,  xx  [56]. 
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Strength  (see  also  tests) :  of  Copake  iron,  xvii,  463 ;  of  Salisbury 
iron,  xvii,  463 ;  of  Stickney  iron  xvii,  463 ;  of  Tecumseh  iron, 
xvii,  463. 

Striations,  xx,  510. 

Stripping  (see  also  mining),  xviii,  280. 

.lapping  OrerDeposita  (McDowell),  xviii  [xxxt],  627. 

Structural  materials,  general  specifications  for,  xix,  913. 

Structured  Relations  of  Ore-Deposits  (Emmons),  xvi  [xmu^,  804. 

Structural  steel,  analysis  of,  xvii,  679. 

Structure  of  Florence  oil-field,  Colo.,  xx,  452. 

Struthers  furnace,  Mahoning  county,  Ohio,  xix,  932. 

Sturtevant  mill :  at  Croton  iron-mine,  Putnam  county,  N.  Y., 
xvii,  734  ;  xx,  576,  605 ;  visit  to,  xvi,  xxxvii. 

Sturtevant  pressure  blower,  xx  [86]. 

Stuntz  iron-mine,  Vermilion  district,  Minn.,  xvi,  181, 182. 

Stutz  washing  machinery,  xvi,  589  et  seq. 

Sub-carboniferous  age :  Greenbrier  limestones.  West  Virginia, 
xvii,  119,  121 ;    Vespertine  Shale,  West  Virginia,  xvii,  119, ' 
121,  122. 

Succaaunna  iron-mine,  Morris  county,  N.  J.,  xx  [217]. 

Succinite,  classified  among  hydrocarbons,  xviii,  582. 

Suction-hose  for  increasing  the  rate  of  lixiviation,  xx,  10. 

Sudbury  copper-mines,  Ontario,  Can.,  xvii,  295. 

SudbuHf  Ore-Deposits  (Peters),  xviii  [axm],  278. 

Suez  Canal,  tonnage  through,  xvi,  169. 

Suisse  on  Koepe  system  of  winding,  xvii  [432]. 

Sullivan  county.  Pa.,  Bernice  coal-basin,  xvii,  606. 

Sullivan  Diamond  Prospecting  Co.,  Chicago,  111.,  xx,  322. 

Sulphide-sampler  for  lixiviation-plant,  xx,  13. 

Sulphide-solution,  precipitating  co-efficients  of,  xx,  27. 

Sulphides:  experiments  with,  containing  lead  and •  calcium,  xx, 
42 ;  containing  only  small  quantities  of  lead  and  calcium,  xx, 
45 ;  free  from  lead  and  calcium,  xx,  44  ;  obtained  in  the  lixi-  * 
viation  process  with  hyposulphite  solution,  refining  of,  xx,  37. 

Sulphur :  in  basic  open-hearth  charge,  xvi,  724 ;  in  Bessemer 
steel,  xix,  544 ;  in  coke,  xvi,  588,  592 ;  counteracted  in  pig- 
iron  by  manganese,  xix,  352 ;  deposits  in  Southern  Utah,  xvi, 
33;  effect  of  in  chloridizing-roasting,  xvii,  776;  effect  of,  on 
rolling  qualities  of  steel,  xviii,  88 ;  not  eliminated  in  upper 
part  of  blast-furnace^  xviii,  87;  Gjer»roasting-kilns  for,  xviii, 
78 ;  high  percentage  of,  in  Croton  magnetic  iron-ores,  xx, 
115 :  removal  of,  from  iron-ores  by  roasting,  xviii,  78 ;  in 
roasted  matte,  xvi,  24 ;  in  steel  rails,  xvii  [783] ;  Westman 
roasting-kilns  for,  xviii,  78 ;  in  zinc-ores,  Upper  Silesia,  Ger- 
many, XX,  338. 
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Sulphur  in  Bes8e)ner  SUd  (Cabot),  xix  [ix],  544. 
SiUphur-Deposits  of  Southern  Utah  (DuPaub),  xvi  [xviii],  33. 
Sulphuric  acid,  concentration  of,  xvi,  496. 
Sulphur  King  sulphur  claim,  Beaver  county,  Utah,  xvi,  34. 
Sulphur-mines :  Utah :  Beaver  county ;  Cove  Creek,  xvi,  33 ;  Ex- 
celsior, xvi  [34]  ;  Mammoth,  xvi,  34 ;  Sulphur  King,  xvi,  34. 
Sulphurous  acid  :   manufacture  of  liquid,  in  Upper  Silesia,  Ger- 
many, XX,  336 ;  used  to  condense  gold  from  chlorine  gas,  xvii, 

37. 
Sumas  Mountain,  western  Canada,  coal,  xviii,  316. 
Sumatra  :  alluvial  tin-deposits  of,  xx,  50 ;  coal,  xx  [52] ;  rainfall 

in  1887-88,  xx,  53. 
Summit  county,  Utah :  coal,  xvi,  357 ;  output  of  ores,  xvi,  4 ; 

silver-mines,  xvi,  13. 
Sunbeam  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi  [10]. 
Sunbury  county,  N.  B.,  bog-iron-ore,  xvi  [140]. 
Sunday  Lake  iron-mine,  Gogebic  range,  Mich.,  xvii  [719].  * 

Sunshine  coal-mines,  Garfield  county,  Colo.,  xx,  168. 
Superior  Bay,  Minn.,  advantages  of,  as  a  situation  for  smelting- 

works,  xvi,  195. 
Superior  iron-mine,  Gogebic  range,  Mich.,  xvii  [719]. 
Super-phosphate  compared  with  phosphate-slag  as  a  fertilizer, 

xvii,  89. 
SapplemetUary  Note  on  Blast-Fumdce  lAnee  (Walsh),  xvii  [xliii],  754. 
Surveying  :  co-ordinate,  xx,  749 ;  methods  of,  at  Longdale  ircm- 

mine,  V^a.,  xx,  102 ;  photographic,  xx,  740 ;  of  Pratt  mines, 

Jefferson  county,  Ala.,  xix,  301. 
Sicspended  Feed-Table  for  Rolling- MiUU  (Mobgan),  xix  [mti],  42. 
Susquehanna  Coal  Co.,  Pa.,  xx,  346 ;  ventilating  fans  in  mines  of, 

XX,  641  et  seq. 
Sutphin,  Hon.  J.  B.,  address  of  welcome  at  Duluth,  Minn.,  xvi,  xrtr. 
Suyape  Silver  Concession,  silver-mine,  Honduras,  C.  A.,xx,  400. 
Swank,  James  M.,  estimate  of  iron-ore  product  of  U.  8.  in  1886, 

xvii,  749. 
Swansea  smelting-works,  Denver,  Colo.,  xviii  [57]. 
Swansea  system  of  smelting  at  Argo,  Colo.,  xviii  [61]. 
Swayze  iron-mine,  Morris  county,  N.  J.,  xx  [221]. 
Sweden,  experiments  in  adding  carbon  to  pig-iron  bath,  xx,  114. 
Swindle    Diggings,  Joplin,  Jasper   county.   Mo.,  lead-deposits, 

x^dii,  676. 
Switzerland,  asphaltic  limestones  of,  xviii,  577  et  seq. 
Sylvanite,  xviii  [439]  ;  in  Ontario,  Can.,  xvii  [294,  298]. 
Systems  of  Mining  in  Large  Bodies  of  Soft  Ore  (Rothwell),  xvi 

[xxviii],  862. 
System  of  Rail-Sections  in  Series  (Dudley),  xviii  [xlvit],  763. 
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Tables  :  of  native  weights  in  Indian  Archipelago,  xx,  78  ;  of  pre- 
cipitating co-efficients,  xx,  30 ;  results  of  carburizing  metal  hy 
Darby  process,  xix,  803;  in  stamp-mills,  Parsons  and  Rittin- 
ger,  xvii,  662,  675 ;  of  some  test-requirements  for  structural 
wrought-iron  and  steel,  xx,  719 ;  of  theoretical  tonnage-ratio 
of  crude  iron-ore  to  concentrates,  xx,  598 ;  of  ventilating-fan 
experiments,  xx,  642. 

Taconian  rocks  in  the  United  States,  xix,  8. 

Tailings  :  assays  of,  from  chlorination  of  gold-bearing  sulphides, 
xvi,  361  ;  average  amount  of  chemicals  and  volume  of  water 
used  per  ton  in  Russell  process,  xvi,  406,  413 ;  average  result 
of  Russell  process  on  raw  Bremen  tailings  at  Silver  City,  N.  M., 
xvi,  476;  from  leaching-test  by  ordinary  solution,  xvi,  371; 
net  percentage  and  value  of,  to  miners,  xviii,  59. 

Tail-races  for  lixiviation-plant,  xx,  6. 

Tail-rope  system  of  underground  haulage  at  Pratt  mines,  Ala., 
^  xix,  308. 

Tajos,  or  quarries,  in  the  Cerro  de  Pasco,  Peru,  xvi,  734. 

Talc  in  Hiawassee  Valley,  xvi  [843],  849.  • 

Taliaferro,  E.  T.,  address  of  welcome  at  Birmingham,  Ala.,  xvii, 
xix. 

Tallapoosa  copper-mine,  Haralson  county,  Ga.,  xix,  694. 

Tamarack  copper-mines.  Lake  Superior,  Mich.,  xix,  685  et  aeq. 

Tandem  Tanks  for  Hmating  Water  from  Flooded  Slopes  (Bowden),  xx 
[Ixivl  343. 

Tanks  for  hoisting  water  from  flooded  slopes,  xx,  343. 

Tantalite  :  analysis,  xvii,  593 ;  in  Black  Hills,  S.  Dak.,  xvii,  592, 
633,  786. 

Tariff,  Canadian,  on  iron  and  steel,  and  articles  manufactured 
from  them,  xvi,  143. 

Tar,  mineral,  classified  among  hydrocarbons,  xviii,  582. 

Tar-springs,  xvii,  358. 

Tate  iron-mine,  St.  Lawrence  county,  N.  Y.,  xvii  [747]. 

Taylor  gas-producer,  xx,  626. 

Taylor  and  Humphrey  oil- w«Jls,  Wirtjtownship,  Allegany  county, 
N.  Y.,  xvi,  932. 

Taylor  roasting-kiln,  xviii,  311. 

Taylor,  W.  J. :  Notes  wi  the  Energy  and  Utilization  of  Fuely  Solid, 
Liquid  and  Gaseous,  xviii  [axcir/],  205. 

Teabo  iron-mine,  Morris  county,  N.  J.,  xx  [222]. 

Teaser  silver-mine,  Pitkin  county,  Colo.,  xvii  [171,  173, 176]. 

Technical  education,  xvi,  623;  xvii,  381. 

Technical  schools.  Summer,  of  mining,  xvi,  647. 

Technology,  Institute  of,  Boston,  Mass.,  visit  to,  xvi,  xxxviii. 
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Tecumseh  Iron  Co.,  Cherokee  county,  Ala.,  strength  of  iron,  xvii, 

463. 
Telescope,  hand,  for  stadia-work,  details  of  construetion,  xz,  734 

Telluridea :  of  bismuth  in  Maryland,  xviii,  407 ;  gold  and  silver, 
losses  in  roasting,  xvii,  5,  9 ;  losses  by  vanning,  xviii,  441 ; 
methods  for  working,  xviii,  439 ;  supposed  to  be  present  in 
Murchie  mine,  xvii,  3,  6. 

Tellurium :  in  gold-ore  at  Gregory  mine,  Gilpin  county,  Colo., 
xviii,  450 :  in  ores  at  Tombstone,  Ariz.,  xvii  [771] ;  in  silver- 
bearing  pyrites,  Leadville,  Colo.,  xviii,  449  et  seq. 

Temperature:  of  combu«tion  of  blast-furnace  gases,  xvii,  79; 
of  geyser  waters,  Yellowstone  Pav k,  xvii,  564. 

Temple  Diggings,  Joplin,  Jasper  county,  Mo.,  lead-deposits,  xviii, 
676, 

Ten  Mile  district.  Summit  county,  Colo.,  xvi,  813. 

Tennessee:  analyses  of  coal,  xvii,  47;  cannel  coal,  xviii,  438; 
coal-mines,  xvii,  47 ;  coal  production  of  1887-89,  xviii,  124 ; 
cost  of  labor  in  Sequachie  Valley,  xvii,  49 :  iron-ore  produc- 
tion, xvii,  723,  725 ;  manufacture  and  consumption  of  phos- 
phoric acid  fertilizer,  xvii,  85 ;  tar-springs,  xvii  [358]. 

Tennessee  Coal,  Iron  and  Railway  Co.,  Ensley  City,  Ala. :  xvii, 
135;   coal-mines,   xvii,  209,  210;   Pratt  mines  of,  Jefferson 
county,  Ala.,  xix,  296.;  visit  to  works,  xvii,  xxii. 
'  Tenny  Cape  iron-mine,  Nova  Scotia,  xviii  [202]. 

Tensile  strength,  specifications  and  standard  tests  for,  xix,  915 
921. 

Terhune,  Richard  H.  :  Note  on  CaU-l^eel  Waier-JacketSy  xvii  [aarw], 
131 ;  Ore  and  Maite-Roagting  in  WoA,  xvi  [xwu3,  18 ;  address 
of  welcome  at  Salt  I-Ake  City,  Utah,  xvi,  xviu 

Ternero  silver-mine,  Honduras,  C.  A.,  xx,  405. 

Terra  gold-mine.  Black  Hills,  8.  Dak.,  xvii,  573  et  8eq. 

Terre-Noire,  France,  use  of  ferro-silicon  as  a  quieting  agent  at, 
XX,  233. 

Tertiary  formation  in  Black  Hills,  8.  Dak.,  xvii  [571,  589] ;  in 
northwestern  Colorado,  xvii  [377]. 

Tertiary  fossils  at  Potosi,  Bolivia,  xix,  84. 

Tesoro  silver-mine,  Tintic  district,  Juab  county,  Utah,  xvi,  11. 

Testing  of  engineering  material,  importance  of  making  provision 
for,  xvii  386, 493. 

Testing  laboratory,  Pittsburgh,  Pa.,  xvii  [679]. 

Testing-machines :  Gill's,  xvii,  461 ;  Philadelphia  Scale  and 
Testing  Works,  xvii,  460;  United  States  testing  machine,  Wa- 
tertown  Arsenal,  Mass.,  xvii,  386,  461. 
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Testing  and  sampling  works,  St.  Louis,  Mo.,  xvii,  887. 

Tests  of:  action, of  arsenic  on  gold,  xviii,  450 ;  aluminum,  xviii, 
538 ;  aluminum-alloys,  xviii,  492,555  et  seq. ;  aluminum-brass, 
xviii,  489 ;  aluminum-bronze,  xviii,  487  ;  xix,  1048 ;  aliiminum- 
steel,  xix,  105G;  Bofors  guns,  xvi,  559  ei  seq.;  determining 
influence  of  silicon  on  cast-iron,  xx,  293;  friction  of  mine- 
car  wheels,  xviii,  508 ;  gun-bronze,  xviii,  486, 493 ;  Imperatori 
process  in  America,  xx,  114;  iron  and  steel  rails,  xix,  892; 
Julien  storage  battery,  xviii,  357 ;  manganese-bronze,  xviii, 
487:  for  metal  in  potable  water,  xvii,  346;  mitis  caniings, 
xviii,  841  et  aeq,;  nitro-glycerine  and  other  explosives,  xviii, 
515;  phosphor-bronze,  xviii,  487 ;  phosphor-bronM  and  other 
metals  as  bearings,  xh^  903 ;  physical,  of  cast-iron  containing 
manganese,  xx,  306;  influence  of  manganese  in  cast  iron  can 
be  overcome  by,  silicOr|pi>,.  xx,  295 ;  rails  at  Watertown  arsenal, 
xviii,  238 ;  steel,  chemical  and  physieal,  xvi,  599,  728 ;  struc- 
tural iron  and  steel,  xix,  911 ;  structural  wrought-iron  and 
steel,  specifications  for,  xx,  679;  various  metals  and  alloys, 
xviii,  817. 

Tests,  Keep's:  of  aluminous  iron  and  steel,  xviii,  102,  558;  for 
metals,  xviii,  460, 798. 

Testa  and  Requirements  of  Structural  Wrought-Iron  and  Steel  (Hunt), 
XX  [Wit],  677. 

Tetrabasic  phosphate,  xvii,  81,  84. 

Tetradymite(tellarideof  bismuth),  in  Maryland  gold-field,  xviii, 
407. 

Tetrahedrite  in  Ontario,  Can.,  xvii  [294]. 

Texada  Island,  British  Columbia,  coal,  xvi  [140]. 

Texas:  eoal-production  in  1887-88,  xviii,  124;  deposition  of  cop- 
per on  fossil  plants,  xvii,  483 ;  glance-pitch,  xvii,  359. 

Thacher,  W.  a.  :  Mining  in  Honduras,  xx  [hiv],  394. 

Thallern  colliery,  on  the  Danube,  Germany,  application  of  elec- 
tric motor  to  mining  operations,  xvi  [860]. 

Theal  iron-mine,  Putnam  county,  N.  Y.,  xvii  [746]. 

Thenardite  in  Arizona,  xvii  [480]. 

Theodolite  combined  with  pocket-compass,  xviii,  100. 

Theory  of  formation  of  ore-deposits :  at  Aspen,  Colo.,  xvii,  204 ; 
at  Mount  Morgan  mine,  Queensland,  xx,  138. 

Theory  of  jigging,  xvii,  638. 

Thermal  conductivity  of  aluminum,  xviii,  536. 

Thermal  properties  of  slag,  xviii,  724. 

Thetford  asbcRtos-mines,  Quebec,  Can.,  xviii,  321  et  seq, 

Thielen,  a,:  On  the  Darby  Process  of  Recarburizationy  xix  [xziit], 
790 ;  remarks  in  discussion  of  Mr.  Gayley's  paper  on  Ameri- 
can blast-furnaces,  xix,  967. 
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Thies,  Adolph,  barrel  system  of  chlorination,  xvi,  360 ;  xvii,  316. 

Thies,  a.,  and  Mezger,  A. :  The  Geology  of  the  HaUe  Mine,  South 
Carolina,  xix  [ix],  595. 

Thies,  A.,  and  Phillips,  W.  B.  :  The  Thies  Process  of  Treating  Lair- 
Grade  Auriferous  Sulphides  at  the  Haile  GoldrMine,  Lancaster 
county,  Souih  Carolina,  xix  [ix],  601. 

Thies  Process  of  Treating  Low-Grade  Auriferous  Sulphides  at  the  Haile 
Gold-Mine,  Lancaster  county,  South  Carolina  (Thies  and  Phil- 
lips), xix  [iz],  601. 

Thomas  coke-ovens,  xvii,  212. 

Thomas  and  Gilchrist  process  in  Germany,  xix,  359. 

Thomas  Iron  Co.,  Hokendauqua,  Pa.,  xvii,  461 ;  experiments  in 
silica  determinations  in  blast-furnace  cinder,  xvi,  89. 

Thomas  Iron  Co.'s  blast-furnace,  Ala.,  visit  to,  xvii,  icxiu 

Thomas  process  for  dephosphorizing  iron,  xvii,  86,  92. 

Thomas  slag,  xvii,  81,  84. 

Thompson- Houston  Electric  Co.,  Lynn,  Mass.,  visit  to  works  of, 
xvi,  xxzvii. 

Thompson,  Lewis :  method  of  assaying  and  purifying  gold,  xvii, 
7  [31] ;  process  for  reGning  gold-alloys,  xvii,  30, 31. 

Thomson,  Minn. :  excursion  to,  xvi,  xxiv;  slates  at,  xvi  [192]. 

Thomson,  Prof.  Elihu  :  On  Welding  by  Electricity,  xix  [xxxt],  877. 

Thomson- Van  Depoele  Electric  Mining  Co.,  xx,  368 ;  electric 
percussion  drill,  xx,  323. 

Thorold,  N.  Y.,  oil-well,  xviii,  296. 

Thornycroft's  mechanical  watchman  for  ships,  xix,  643. 

Thoulet  solution  :  applied  to  magnetic  concentration  of  iron-ore, 
XX,  580  et  seq.  ;  density  and  specific  gravity  of,  xx,  582. 

Three  Rivers,  Quebec,  Can.,  bog-iron-ore,  xvi,  140. 

Ticrney  gold-mine,  Gilpin  county,  Colo,,  xviii,  452. 

Tiger  gold-mine,  Calaveras  county,  Cal ,  xviii,  640  H  seq, 

Tilly  Foster  iron-mine,  Putnam  county,  N.  Y. :  xvii,  746 ;  xix,  71, 
658 ;  concentrates  of  iron-ores,  xx,  585  ;  magnetic  concentra- 
tion at,  XX,  582  ;  reopening  of,  xvii,  758 ;   visit  to,  xix,  xm. 

Timber:  consumption  in  mines,  circular  of  inquiry,  xvii,  266;  in 
Greenbrier  county,  W.  Va.,  xvii,  121. 

Timbering  in  mines  :  best  woods  for,  xvii,  269 ;  consumption  of 
wood  in,  xvii,  265  et  seq,;  Nevada  system,  xvi,  895;  shaft 
through  wet  gravel  and  quicksand  at  Norway,  Mich.,  xx,  193 ; 
in  soft  ground  in  New  Croton  Aqueduct,  N.  Y.,  xix,  733  et  seq.  ; 
in  soft  ore-bodies  at  Low  Moor,  Va.,  xvii,  104  ei  seq. 

Tin:  alloys,  xviii,  820,828;  in  Black  Hills,  S.  Dak.,  xvii,  571, 
588,  595 ;  xviii,  3 ;  derivation  of  stream-deposits  from  veins, 
Sumatra,  xx,  66 ;  influence  of  columbite  upon  tin-assay,  xvii, 
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Tin — Continued. 

633 ;  percentage  of,  in  Black  Hills  rock,  xvii,  596 ;  physical 
teste  of,  xviii,  818;  in  tin-mining  field,  Sidney,  New  South 
Wales,  xviii,  29;  various  methods  of  assay,  xviii,  3  et  Meq. 

Tin-deposits  of  Cornwall,  xvi,  57. 

Tin-export  from  mines  in  Indian  Archipelago,  xx,  82. 

Tin-mines:  United  States :  Sbtt<ADaA;oto:  Black  Hills-  Cow  Boy, 
xvii,  786;  Etta,  xvii,  589  et  acg.,  786;  First  Find,  xvii,  590,  595 
xviii,  4,  54 ;  Glendale,  xviii,  54 ;  Nigger  Hill,  xvii,  590,  786 
xviii,  4 ;  Occidental,  xvii,  595 ;  xviii,  4,  54;  Similias,  xviii,  54 
Southern  Hills,  xviii,  4 ;  Tin  Mountain,  xvii,  591 ;  xviii^  4 
Other  Countries  :  Indian  Archipelago :  Banca,  xx,  50  et  seq, 
Billiton,  XX,  50  et  seq. ;  Singkep,  xx,  50  et  seq. ;  SumaJtra :  8iak 
XX,  50 ;  Kotta  Ranah,  xx,  55  et  seq. :  Malay  Peninsula:  xx,  51 
Kong  Loon  Kongsi,  xx,  66.  I 

Tin-mining:  in  Siak  district,  Sumatra,  xx,  54;  treatment  of 
gravel  at  Kotta  Ranah,  Sumatra,  xx,  79. 

Tin  Mountain  tin-mine,  Black  Hills,  Custer  county,  S.  Dak.,  xvii, 
591 ;  xviii,  4. 

Tin^res:  analyses,  xvii,  595,  596 ;  xviii,  8,9,10;  coacentrated 
by  jigging  in  Black  Hills,  xvii,  597 ;  methods  of  assay,  xviii^ 
3  et  seq. ;  reduction  of,  xviii,  401 ;  Localities  :  United  States  : 
Califomia;  xvii, 595 ;  Other  Countries  :  Bohemia;  Schlackeh- 
wald,  xvii  [595]  ;  Zinnwald,  xvii  [595]  ;  Bolivia  r  Tipuani, 
xvii  [595] ;  England :  Cornwall,  xvii  [595] ;  Indian  Archi 
pelago :  Banca,  Billiton  and  Singkep,  xx,  50  et  seq. ;  Ireland 
Wicklow,  xvii  [595] ;  Malay  Peninsula :  Kong  Loon,  xx,  66 
Mexico:  Xeres,  xvii  [595];  Samatra:  Siak  district,  xx,  50 
Sweden :  Fimbo,  xvii  [595]. 

Tin  Reef  tin-vein  Black  Hills,  S.  Dak.,  xvii  [590]. 

Tin-scrap  made  into  nails,  xvii,  495. 

Tin-slag,  method  of  assay  for,  xviii,  40. 

Tintic  district,  Juab  county.  Utah,  silver-lead-ndnes,  xvi,  9. 

Tinton  Falls  iron- works,  Monmouth  county,  N.  J.,  xx  [216]. 

Tipples,  coal,  on  the  Kanawha  River,  xvii,  455. 

Tires:  analyses  of  unequally  worn,  xix,  899;  relative  wear  of 
hard  and  soft  steel,  xix,  899 ;  specifications  for  locomotive  tires, 
xix,  898. 

Titanic  iron-ore,  analysis  of,  xvi,  847. 

Titaniferous  iron-ore :  Kingston  and  Pembroke  district,  Ontario, 
Can.,  xix,  35;  in  Messaba  range,  Minn.,  xvi,  182. 

Titanium :  at  CeboUa  creek,  Gunnison  county,  Colo.,  xviii,  272 ; 
its  interference  with  rapid  determination  of  phosphorus  in 
iron,  xviii,  714 ;  in  iron-ore,  Ontario,  Can.,  xvii  [299]. 
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Titusville,  Pa.,  petroleum,  xvi  [906]. 

Todd  iron-mine,  Putnam  county,  N.  Y.,  xvii  [746], 

Tolima,  Dept.  of,  Columbia,  S.  A.,  gold-  and  silver-mines,  xviii, 
210. 

Tombstone  district,  Ariz.:  argentiferous  manganese-ores,  xvii, 
767  ;  ore-deposits,  xviii,  910. 

Tombstone  Miningand  Milling  Co.,  Tombstone,  Ariz.,  xvii,  771, 
773, 

Tomichi  Valley  smelting-works,  Gunnison,  Colo.,  xx,  171. 

Tomoh  gold-district,  Malacca,  xx,  324. 

Tonawanda,  Erie  county,  N.  Y.,  gas-wells,  xvii,  403. 

Tong  colliery,  North  China,  xxi,  95. 

Tooele  county,  Utah :  output  of  ores,  xvi,  4 ;  silver-lead-mines, 
xvi,  15. 

Tools :  cast-iron,  for  cutting  metal,  xix,  317 ;  Chinese  mining 
implements,  xx,  332 ;  used  by  Chinese  miners  in  Siak  tin- 
mines,  Sumatra,  xx,  71 ;  Malay  mining,  xx,  72  ;  for  prospect- 
ing alluvial  tin-deposits  in  the  Indian  Archipelago,  xx,  76. 

Tool-steel:  hardening  action  of  carbon  in,  destroyed  by  alu- 
minum, xviii,  557 ;  rigidity  and  temper  of,  xviii,  809,  836. 

Topographical  maps,  methods  of  construction,  xvi,  279. 

Topography:  of  Colombia,  S.  A.,  xviii,  206;  of  Florence  oil- 
field, Colo.,  XX,  447 ;  of  Glenmore  iron  estate,  Greenbrier 
county,  W.  Va.,  xvii,  116 ;  of  Leadville,  Colo.,  xviii,  146 ;  of 
Red  Mountain  district,  Colo.,  xviii,  140 ;  of  Western  North 
Carolina — The  Hiawassee  Valley,  xvi,  839. 

Toronto,  Ontario,  Can.,  iron-works,  xvi,  135. 

Toston,  Mont.,  smelting-works,  xvi,  258. 

Tourmaline  associated  with  tin  in  Black  Hills,  S.  Dak.,  xvii, 
591,  595, 

Tower  iron-mine,  Vermilion  district,  Minn.,  xvi,  180, 182. 

Tower's  mechanical  watchman  for  ships,  xix,  643. 

TozER,  William,  remarks  in  discussion  of  Mr.  Howe's  paper  on 
the  Bessemer  process,  xix,  1168. 

Trachyte  in  Honduras,  C.  A.,  xvii  [434]. 

Tracy  City  coal-mine,  Grundy  county,  Tenn.,  xvii  [209,  211]. 

Trafalgar  colliery,  England,  application  of  electric  motor  to 
mining  operations,  xvi  [860]. 

Tramways :  compressed-air  motors  for,  xix,  563 ;  Otto  aerial, 
xix,  760. 

Transmission  of  power :  different  systems  compared,  xviii,  418, 
4.26;  by  electricity,  xvi,  853;  xvii,  555;  xviii,  415;  xx,  321. 

Transpiration  of  gases  in  blast-ftirnace,  xvii,  282. 

Transportation  by  electric  motor,  xvi,  859 ;  xviii,  412  et  seq.;  xx, 
357.     • 
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Transportation,  cost  of:  of  acid  from  seaboard  works,  xvi,  514; 

of  coal  and  coke^xvi,  197  ;  of  ore  from  Old  Telegraph  mine, 

Utah,  xvi,  31. 
Transvaal,  geology  of  DeKaap  gold-fields,  xviii,  334. 
Trasenster,  M.  L.,  on  Koepe  system  of  winding,  xvii  [432]. 
Traynor  silver-mine,  Pitkin  county,  Colo.,  xvii  [178]. 
Treatment  of  argentiferous  manganese-ores  at  Tombstone,  Ariz., 

xvii,  767. 
Treatment  of  Fine  Gold  in  the  Sands  of  Snake  Rivevy  Idaho  (Egles- 

ton),  xviii  [pcxv]^  597. 
Tredegar  iron-works,  Richmond,  Va.,  xx,  214. 
Treibach  blast-furnace,  Treibach,  Austria,  xvii  [756,  757]. 
Trent  Diggings,  Granby,  Newton   county,    Mo.,    lead-deposits, 

xviii,  676. 
Trenton  formation  at  Buffalo,  N.  Y.,  xvii,  402. 
Trenton  Iron  Co.,  Trenton,  N.J.,  xx,  253;  cable-hoists  of,  xx,  767. 
Triangle   oil-wells,  Alma  township,  Allegany  county,  N. Y.,  xvi, 

930,  932. 
Triassic  formation :  at  Aspen,  Colo.,  xvii  [156,  180] ;  in  Black 

Hills,  S.  Dak.,  xvii  [571]  ;   coal  in,  in  North  Carolina  and 

Virginia,  xviii,  123,  124 ;   in  Honduras,  C.  A.,  xvii  [433,*  435], 

438;  in  New  Jersey,  containing  copper,  xvii  [483]. 
Trigg  county,  Ky.,  iron-ore,  xvi  [592]. 
Trimble  iron-mine,  Gogebic  range.  Wis.,  xvi,  186  el  seq, 
Trinidad  :  asphalt,  xvii,  361,  362,  368  ;  asphaltic  earth,  xviii,  577, 

582. 
Triphylite  in  Black  Hills,  S.  Dak.,  xvii  [592]. 
Triumph  Oil  Co.,  Colo.,  oil-wells,  xx,  446. 
Triunfo  gold-mine,  Honduras,  C.  A.,  xvii  [447]. 
Troilius,  Magnus,  investigations  of  properties  of  cobalt,  copper, 

and  ferric  chlorides,  xvi.  111. 
Trough  Lixiviation  (Hofmann),  xvi  [pcxxui],  662. 
Trough-lixiviation,  xvi,  391. 
Troy  Steel  and  Iron  Co.,  Troy,  N.  Y.,  xvii  [235]. 
Trussville  blast-furnace,  Jefferson  county,  Ala.,   visit  to,  xvii, 

Tsu-Hung-Tung,  China,  copper-deposit,  xix,  573. 

Tube-rolling,  Mannesmann  process,  xix,  384. 

Tubes,  spirally-welded  steel,  xix,  1112. 

Tubing,  spirally- welded,  xvi,  547. 

Tucson  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  161. 

Tudor  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 

TuUock  automatic  ore-feeder,  xvii,  512. 

TuUy  limestone  in  Western  New  York,  xvii  [400]. 
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Tung-Chi-Lung,  China,  lead-zinc  deposits,  xix,  572. 

Tung  Shang  coal-mine,  China,  xx  [96]. 

Tunnelling  in  soft  ground  at  new  Croton  Aqueduct,  xix,732  et  seq. 

Tunnels :  at  Longdale  iron-mine,  Va.,  xx,  107  ;  at  Mount  Morgan 

gold-mine,  Queensland,  xx,  137  et  seq. 
Tunner,  Ritter  Peter  von,  resolution  in  honor  of,  xix,  xxi. 
Turner,  Prof.  Thomas,  on  the  effect  of  silicon  upon  cast-iron,  xvii, 

253,  684  et  eeq. 
Turner's  machine  for  determining  hardness  of  metals,  xviii,  104, 

118,  817. 
Turner,  T.,  remarks  in  discussion  of  Mr.  Hadfield's  paper  on 

aluminum-eteel,  xix,  1087. 
Turtelotte  Park,  Pitkin  county,  Colo.,  xvii,  158  et  seq. 
Tuscaloosa  county,  Ala. :  coal-mines',  xvii,  210, 221 ;  coal  product 

in,  1887,  xvii,  207,  210. 
Tustagubit  Mountain,  Utah,  silver-ores,  xvi,  6. 
Tuyere  Slagging- Valve  (E.  S.  Cook),  xvii  [axmj,  389. 
Tuyeres,  water-cooled,  at  Horde,  Germany,  xix  [342]. 
Twenty    Years^    Progress   in   the   Ooneentration    of  Sulphuric   Add 

(Adams),  xvi  [a:a;i;],496. 
Two  Conditions  of  Phosphorus  in  Iron — Second  Paper  (Cheeveb),  xvi 

[aKctr],  269. 
Two  Harbors,  Minn.,  excursion  to,  xvi,  xxin  ;  shipping-port  for  ores 

from  the  Vermilion  district,  xvi,  172,  180. 
Two-Ocean  Pass,  Yellowstone  Park,  xvi,  47. 
Tybo  silver-mine,  Nye  county,  Nev.,  xvi,  372. 
Tyler*  Philos  B.,  inventor  of  Tyler  cotton  compress,  xvi,  86. 
Tyler's  Tube  Mills,  visit  to,  xvi,  xxxvii. 

Uintah  district.  Summit  county,  Utah,  silver-ores,  xvi,  13. 
Uintaite,  Alhertite,  Orahamite  and  Asphaltum  Described  and  Compared ^ 

with  Observations  on  Bitumen  and  its  Compounds  (Blake),  xviii 

\xlvii\,  563. 
Uintaite,  or  gilsonite,  from  the  Uintah  Mountains,  Utah,  xvi,  162; 

xvii,  113. 
Union  blast-furnace,  Illinois  Steel  Co.,  Chicago,  111.,  xvii,  756 

[757] ;  xix,  972 ;  xx,  281  et  seq. 
Union  Bridge  Works,  Buffalo,  N.  Y.,  visit  to,  xvii,  xxix. 
Union  copper-mine,  Calaveras  county,  Cal.,  xix,  680. 
Union  county,  Ky.,  coal,  xvi  [582]. 
Union  Iron  Co.,  Detroit,  Mich.,  xx,  274. 
Union  Iron  Mills,  Pittsburgh,  Pa.,  xx  [7l8]. 
Union  Iron-works  (ancient),  Hunterdon  county,  N.  J.,  xx  [216]. 
Union  Steel  Co.,  Chicago,  Ills.,  xvii  [243]. 
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Uniontown,  Madison  county,  N.  Y.,  gae-well,  xvi,  958. 

United  Oil  Co.,  Colo.,  oil-wells,  xx,  446. 

United  States :  coal-production,  1870-90,  xix,  483 ;  Eitgineer  Post 
and  Torpedo  Station,  Willet's  Point,  L.  I.,  visit  to,  xvii,  xliv; 
iron  product,  1888,  xvii,  715 ;  National  Museum,  department 
of  metallurgy  and  economic  geology,  xix,  232 ;  production  of 
leading  metals  and  minerals,  1819-90,  xix,  501 ;  production  of 
pig-iron  and  increase  of  population,  1830-90,  xix,  480. 

United  Stains  Prototype  Standards  of  Weight  and  Meamre  (Menden- 
hall),  xviii  [icxxtj,  716. 

United  States  testing-machine,  Watertown  Arsenal,  Mass.,  visit 
to,  xvi,  xxocvii. 

Unity  gold-mine,  Victoria,  Australia,  xx,  516. 

Upper  Geyser  Basin,  Yellowstone  Park,  xvii,  546  et  seq. 

Uranium  associated  with  tin  in  Black  Hills,  S.  Dak.,  xvM  [593]. 

Use  of  Magnetic  Concentrates  in  the  Port  Henry  Blast-Furnaces  (Lang- 
DON),  XX  \lodi\,  599. 

Use  of  the  McClave  Grate  and  Argand  Steam-Blower  in  Utilizing  SinaU 
Sizes  of  Anthracite,  or  Bituminous  Slack,  in  Boiler  and  Similar 
Furnaces  (Foster),  xx  [tein],  628. 

Utah  Central  Coal  Co.,  xvi,  356  etseq. 

Utah:  coal-production,  xvi,  356;  in  1887-88,  xviii,  124:  elaterite 
and  wurtzilite  in,  xviii,  497 :  gold,  silver,  copper,  and  lead- 
mines,  xvi,  »^  et  seq. ;  ore  and  matte-roasting,  xvi,  18  et  seq.  ; 
production  of  ores  from  1871  to  1887,  xvi,  3 ;  sulphur  de- 
posits, xvi,  33;  Uintah  county;  gilsonite,  xvii,  113  [359]; 
glance-pitch,  xvii  [359] ;  volcanic  action,  xvi,  6. 

Utah  silver  lead-mine.  Little  Cottonwood  Cafion,Salt  Lake  county, 
Utah,  xvi,  11. 

Ute  Cafion,  Colo.,  excursion  to,  xvi,  xxi. 

Utica  formation  in  western  New  York,  xvii  [402]. 

Utilization  of  Anthracite  Waste  by  Oasijication  in  Producers  (Blau- 
velt),  XX  \lxiii\,  625. 

Utilization  of  Puddle-  and  Re-Heating  Slags  for  Paint-Stock  (Sahlin), 
XX  [Ixiit],  385. 

Valdemere  silver-mine,  Butte,  Silver  Bow  county,  Mont.,  xvi,  42, 

66  et  seq, 
Val-de-Travers,  Switzerland,  asphalt-mine,  xvii    [360] ;    xviii 

[577]. 
Valentine,  Sterling  6. :  The  Datns- Colby  Ore- Roaster,  xviii  [xaw], 

303 ;  The Desulphurization  of  Pyritiferous  Iron-Ores,  xviii  [xx],  78. 
Vallejo  silver-mine,  Pitkin  county,  Colo.,  xvii,  171  et  seq, 
Vallcytown,  N.  C,  magnetic  iron-ore,  xvi,  845. 
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Valves,  tuyere  slagging,  xvii,  389. 

Van  Buren  Harbor,  Lake  Erie,  N.  Y.,  natural  gas,  xvi,  910. 

Vancouver's  Island,  coal  deposits,  xvi,  138. 

Van  Depoele,  Charles  J.,  electric-magnetic  reciprocating  engine 

(in  paper  of  Mr.  Spaulding),  xix,  273. 
Vanderbilt  silver-mine,  Red  Mountain  district,  Ouray  county, 

Colo.,  xviii,  141,  142. 
Varnish  made  from  asphalt,  xvii,  364. 
Vein-faulting  (see  also  faults),  xviii,  246. 
Vein-formations :  at  Cerro  de  Pasco,  Peru,  xvi,  751 ;  theories  of, 

xvi,  804  et  seq. 
Vein-phenomena :  in  Boulder  county,  Colo.,  xix,  547 ;  in  Potosf, 

Bolivia,  xix,  87. 
Veins :  bed,  xx,  476 ;  true-fissure,  xx,  501. 
Vein-stones  of  tin-lodes,  Black  Hills,  S.  Dak.,  xvii,  594. 
Vein-structure  in  Rainbow  Lode,  Butte,  Mont,  xvi,  79;  of  tin- 
bearing  veins.  Black  Hills,  S.  Dak.,  xvii,  690. 
Velocity  of  Bodies  of   Different  Specific  Gravity    Falling  in    Water 

(Richards  and  Woodward),  xviii  [xlviii']^  644. 
Velocity :  of  grains  falling  in  water  and  glycerine,  xvii,  653,  657 ; 
of  spheres  falling  in  narrow  tubes,  xvii,  643,  657 ;  of  spheres 
falling  in  still  water,  xvii,  638. 
Venezuela,  tar-springs  of,  xvii,  358. 
Ventilating-fans :  xx,  637  et  seq, ;  with  anti-vibration  shutters, 

xix,  37 ;  influence  of  various  conditions  on,  xx,  665. 
Ventilation  :  by  electric  motor,  xvi,  861 ;  of  Kaiping  coal-mine, 
North  China,  xvi,  105 ;  in  New  Croton  Aqueduct,  xix,  721 ;  at 
Pratt  coal-mines,  Ala.,  xix,  302. 
Verde  copper-mine,  Yavapai  county,  Ariz.,  xix,  690. 
Vereinigt'Kdnigs  and  Laura-hutte  coal-mines.  Upper  Silesia,  Ger- 
many, XX,  357. 
Vermilion  gold-mine,  Dennison  township,  Ontario,  Can.,  xviii 

[73]. 
Vermilion  iron-district,  Minn :  xvi,  174,  176  et  seq. ;  xix,  61 ,  out- 
put to  close  of  1887,  xvi,  891 ;  iron-mines,  xvii,  719  et  seq, 
[75.^] ;  iron-ore  product,  xvii,  716  et  seq. 
Vermilion  Lake,  Minn. :  excursion  to  iron-mines  at,  xvi,  zm; 

region  north  of,  xvi,  109. 
Vermont,  Ely  copper-mine,  xix,  680,  694. 
Vernon,  Oneida  county,  N.  Y.,  natural  gas,  xvi,  909. 
Verschoosky,  M.,  on  wear  of  rails,  xix,  897. 
Vespertine  formation,  in  Greenbrier  county,»W.  Va.,  xvii,  119, 

121,  122. 
Veta  Grande  silver-mine.  Chihuahua,  Mexico,  xvi,  372  et  seq. 
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Veteran  tunnel,  Aspen  Mining  and  Smelting  Co.'s  silver-mines, 
Aspen,  Colo.,  xvii,  171  et  seq,;  xx,  318. 

Vic,  Gennan  Lorraine,  salt-mine,  xvii  [110]. 

Victoria,  Australia :  gold-mines,  xx,  463 :  production  of  gold- 
ojre,  XX,  468. 

Victoria  coal-mine,  Marion  county,  Tenn.,  xvii  [47]. 

Victoria  Hill,  Bendigo  gold-field,  Australia,  area  and  depth  of 
mines  on,  xx,  537. 

Victoria  Mining  and  Milling  Co.,  Honduras,  C  A.,  xx,  402. 

Victoria  silver-mine,  Honduras,  C.  A.,  xx,  402. 

Victory  and  Pandora  gold-mines,  Victoria,  Australia,  xx,  482  el  seq. 

Village  Diggings,  Granby,  Newton  county.  Mo.,  lead-deposits, 
xviii,  676. 

Vincennes,  France,  compressed-air  tramway  at,  xix,  553. 

Vincent  on  structure  of  tin-bearing  veins.  Black  Hills,  Dak.,  xvii 
[590]. 

Virginia :  bituminous  schists,  xviii  [502]  ;  coal-production  of 
18S7-88,  xviii,  124;  copper-deposits,  Carroll  county,  xix,  694; 
first  blast-furnaces,  xx,  196;  manufacture  and  consumption  of 
phosphoric  acid  fertilizer,  xvii,  85 ;  New  River  coking  coals, 
xix,  1033 ;  ore-deposits  of  Crimora,  Augusta  county,  xx,  46 ; 
production  of  Flat  Top  coal-mine,  1890,  xix,  1035 ;  produc- 
tion of  pig-iron,  xix,  1017. 

Virginia  and  Alabama  Mining  and  Manufacturing  Co.,  Walker 
county,  Ala.,  xvii,  210,  218. 

Virginia  Development  Co.,  xx  [175]. 

Virginia  iron-ores:  Blue  Ridge,  xix,  1026;  brown-ore  in  Louisa, 
Spottsylvania  and  Stafford  counties,  xx,  196 ;  Clinton  (red 
hematite)  ores,  xix,  1022 ;  Cripple  Creek,  xix,  1027 ;  deveJop- 
ment  of,  xix,  1016;  "gossan-**  ores,  Carroll  county,  xix,  1030; 
XX,  211 ;  magnetic,  Amherst  and  Campbell  counties,  xx  [176]  ; 
Franklin  and  Henry  counties,  xx,  174 ;  magnetiten,  Patrick 
county,  XX,  178. 

Virginia  Steel  Co.,  xx  [176,  187]. 

Visino  silver-mine,  Pitkin  county,  Colo.,  xvii,  171  et  aeq,,  197  [205]. 

Volatility  of  gold,  xvii,  3. 

Volatilization:  in  matting  dry  auriferous  silver-ores,  xvi,  264; 
of  tin  in  the  dry-assay,  xviii,  4. 

Volcanic  action  in  Utah,  xvi,  6. 

Volcanic  rocks,  analyses  of,  xvi,  790. 

Volumetric  analysis,  rapid  method  for  reduction  of  ferric  sul- 
phate in,  xvii,  411. 

Vorce  on  the  influence  of  aluminum  on  cast-iron,  xvii  [473]. 

Voudy,  analysis  of  iron-ore,  xvii,  744. 
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Vulcan  iron-mine,  Menominee  county,  Mich.,  xvi,  173,  529  et  seq., 
895  et  9€q. ;  xvii,  718. 

Wartsila  iron-works,  Finland,  xvi,  338  et  seq. 

Wages :  in  Black  Hills  stamp-mills^  xvii,  532 ;  of  Chinese  miners 
in  Siak  tin-fields,  Sumatra,  xx,  68,  70;  of  coal -miners  in  Ala- 
bama, xvii,  222 ;  of  Malay  miner  in  Sumatra  tin-mines,  xx, 
72 ;  of  miners  in  Billiton,  Indian  Archipelago,  xx,  78  ;  miners' 
in  Ontario,  Can.,  xix,  37;  miners' in  United  States  in  1888, 
xviii  [122],  135  etaeq.;  of  miners,  smelters  and  laborers  ^  in 
China,  xvi,  108 ;  at  La  Plata  del  Libano  mines,  S.  A.,  xvi,r*^  "^ 
in  Russell  process,  xvi,  455  et  seq,;  in  central  distric;^  of  the  ta  al; 
xvi,  354  ;  in  Utah,  xvi,  357,  358;  in  Sequachie  Valley,  Tenn., 
xvii,  48,  49 ;  in  Sweden,  xvii,  604. 

Wagner  gas-well,  Howard,  Steuben  county,  N.  Y.,  xvi,  959. 

Wagner,  John  R.,  remarks  in  discussion  of  Mr.  Norris's  paper  on 
centrifugal  ventilators,  xx,  670. 

Wagner,  on  phosphate-slag,  xvii  [89]. 

Wagoner,  Luther,  on  falling-velocity  of  grains  in  water  and  gly- 
cerine, xvii,  653. 

Wah  Wah  range,  Utah,  silver-ores,  xvi,  6. 

Wainwright,  Jacob  T.  :  A  Differential  Regenerative  Hot-Blast  Stave 
and  its  Application  to  an  Open-Hearth  Blasir Furnace^  xvii  [acrw"], 
132 ;  The  Feasibility  of  Using  Cheaper  Fuels  in  the  Blast-Fumdee^ 
xvii  [icxii],  96 ;  A  New  System  for  Operating  Regenerative  Hot- 
Blast  Stoves,  xvii  [xlit],  680. 

Wakeman  gas-well,  Bolivar  township,  Allegany  county,  N.  Y., 
xvi,  936. 

Walker  Anti-  Vibration  Regulating  Shutter  or  Slide  for  Ouibal  and  Other 
Enclosed  Fans  (Walker),  xix  [yiii],  37.- 

Walker-Carter  method  of  treating  tellurides,  xviii,  443. 

Walker  county,  Ala.:  coal-mines,  xvii,  210,  218,  220;  coal  pro- 
duct in  1887,  xvii,  207,  210. 

Walker,  Edwin  R.  ;  The  Walker  Anti-  Vibration  Regulating  Shutter 
or  Slide  for  Guibal  and  Other  Enclosed  Fans  xix  [wti],  37. 

Walker,  Gen.  Francis  A.,  address  of  welcome  at  Boston  meeting, 
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Walker  shutter  for  ventilating-fans,  xx,  658  et  seq. 
Wall  coal-mines,  Sequatchie  Valley,  Tenn.,  xvii  [47], 
Walls  of  vein,  xvi,  58. 

Walnut  Grove  dam,  Yavapai  county,  Ariz.,  xvii,  476- 
Walrand  on  phosphorus  in  pig-iron  for  basic  purposes,  xvii  [92]. 
Walsh,  Edward,  Jr.  :    Supplementary  Note  on  Blast-Fumace  Lines^ 
xvii  [xliii^,  754 ;  on  blast-furnace  process,  xvii,  282. 
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Walston  coke,  Jefferson  county,  Pa.,  xx,  257. 

Waltham  Watch  Co.,  Mass.,  visits  to  works  of,  xvi,  xxzvii, 

Wanklyn  on  copper,  iron  and  lead  in  potable  water,  xvii  [346]. 

Ward,  Charles,  report  of  the  Honeoye  Lake  gas-district,  Ontario 
county,  N.  Y.,  xvi,  948. 

Ward,  Willard  P.,  on  behavior  of  manganese  to  carbon,  xx  [314], 

Warren  county.  Pa.,  natural  gas,  xvi  [917]. 

Warren,  William  Y.  :   Note  on  the  CaltivcUion  of  Mushrooms  in 
*' Abandoned  Miries  at  Akron^  N.  K,  xvii  [xxt?],  248. 

Warrior  Coal  and  Coke  Co.,  Warrior,  Jefferson  county,  Ala., 
wii,  210  et  seq. 

Warrior  coal* field,  Jefferson  county,  Ala.,  xvii  [148],  207  et  seq.; 
xix,  296  etseq. 

Warwick  blust-furnaces,  Pottstown,  Pa. :  xix,  963  et  seq. ;  use  of 
anthracite  and  coke,  separate  and  mixed,  xvii,  124 ;  tuyere 
slagging-vaive  in  use  at,  xvii,  389. 

Wasatch  coal-mine.  Summit  county,  Utah,  xvi,  4. 

Wasatch  silver-lead-mine,  Bingham  Cafion,  Salt  Lake  county, 
Utah,  xvi,  11, 12  [26]. 

Washing  Alabama  coal  before  coking,  xvii,  141,  145. 

Washington :  coal-production  in  1887-88,  xviii,  124 ;  coal  pro- 
duction for  year  ending  June  30, 1889,  xix,  54. 

Washington  county,  Pa.,  natural  gas,  xvi,  938. 

Washington  county,  Utah  :  output  of  ores,  xvi,  4 ;  silver-mines, 
xvi,  16. 

Washington,  D.  C,  asphalt  pavements  at,  xvii,  367. 

Washington  silver-mine,  Pitkin  county,  Colo.,  xvii  [171,  176], 
186. 

Washoe  Gold  and  Silver  Mining  Co.,  Nev.,  xix,  196. 

Washoe  process :  discovery  of,  xix,  196;  for  treating  ores  in  Black 
Hills,  S.  Dak.,  xvii,  588. 

Wassaic  blast-furnace,  Amenia,  Dutchess  county,  N.  Y.,  xvii, 
469,  472. 

Waste  gas  from  blast-furnace  used  as  fuel  for  steam,  xvii,  50. 

Water ;  amount  of  solid  residue  on  evaporation,  xvii,  348 ;  anal- 
yses, xvii,  353 ;  analysis  for  sanitary  purposes,  xvii,  341 ; 
bailing,  from  Chinese  silver-mines,  xx,  92  ;  falling-velocity  of 
grains  in,  xvii,  653,  657  :  improved  system  of  supply  for  hy- 
draulic mining,  xvi,  602 ;  impurities  of,  xvii,  338;  measure- 
ments of  amount  flowing  in  the  larger  rivers  of  the  West,  xx, 
547  et  seq. ;  specific  heat,  xvii,  100 ;  storage  of,  in  Arizona, 
xvii,  476 ;  tanks  for  hoisting,  xx,  343  ;  terms  describing  color 
and  odor  of,  xvii,  340;  when  unfit  for  making  steam,  xvii, 
350. 
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Water- channels  in  rocks,  xvi,  810. 
Water-divide  of  the  Appalachians,  xvi,  839  et  seq. 
Water-gas :   analyses,  xvii,  300,  301 ;   xviii,  881 ;  amount  pro- 
duced per  ton  of  coal,  xix,  1015;  calorific  power  of,  xvii,  302; 

Loomis  generator,  xix,    1000;    production  and  fuel-energy, 

xviii  [610],  860  et  seq. ;  value  as  fuel,  x^i,  99. 
Water-Gas  as  a  Steam-Boiler  Fwei  (Jacobus),  xvii  [aaji^"],  300. 
Water-jackets  of  cast-steel,  xvii,  131. 
Water  Level  drift,  Danville  iron-mines,  Montour  county,  Pa.,  xx, 

376. 
Water-line  formation  in  Western  New   York,  xvii,  250,    252, 

399. 
Waterman    and   Beaver  iron-mines,   Danville,  Pa.,  xx,  370  et 

seq, 
Water-Manometer  and  Anemometer  (Silliman),  xvii  [xxii],  66. 
Water-pyrometer,  xx,  260, 
Watertown  Arsenal,  Mass.,  testing  machine  at,  xvii  [386,  461] ; 

visit  to,  xvi,  xxxviL 
Water-tube  steam-boiler,  using  blast-furnace  waste-gas  as  fuel, 

xvii,  50. 
Watts  Coal  and  Iron  Co.,  xvii,  141,  210  et  seq. 
Watts  coke,  analysis  of,  xvii,  154. 
Waugh  &  Porter  oil-well,  Bolivar  township,  Allegany  county,  N. 

Y.,  xvi,  927  et  seq, 
Wayne  county,  N.  Y. :  iron  district,  xvii  [745],  748 ;  natural  gas, 

xvi  [910]. 
Wayne,  E.  S.,  analysis  of  salt,  xvii,  110. 
Wear:  of  different  alloys  as  bearings,  xix,  899;  of  steel  rails,  xvi, 

596  et  seq. 
Wear  of  Metal  as  Influenced  by  its  Chemical  and  Physical  Properties 

(Dudley),  xix  [xxxf],  892. 
Wear  of  Rails  as  RekUed  to  Their  Sections  (Dudley),  xviii  [xxv],  228. 
Webb  coal-mine,  Bledsoe  county,  Tenn.,  xvii  [47]. 
Webb,  James  F.,  address  of  welcome  at  Birmingham,  Ala,,  xvii, 

xix. 
Weber  shales :  at  Aspen  Mountain,  Colo.,  xvii,  166  et  seq. 
Webster  county,  Ky.,  coal,  xvi  [582]. 
Wedding,  Dr.  Hermann  :    The  Progress  of  German  Prajdice  in  the 

Metallurgy  of  Iron  and  Steel  Since  1876,  With  Special  Reference  to 

the  Basic  Process  xix  [xxiii],  331 :  on  phosphate-slag,  xvii  [89]. 
Wedge  silver-mine,  Cochise  county,  Ariz  ,  xvii,  767  [774]. 
Weed  iron-mine,  Columbia  county,  N.  Y.,  xvii  [748]. 
Weekes,  Edward  F.,  on  dumping-cradles  at  Chapin  mine,  Mich., 

xvii,  566. 
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Weeks,  J.  D. :  remarks  in  discussion  of  Mr.  Gayley's  paper  on 
American  blast-furnaces^  xix,  984  ;  estimate  of  consumption 
of  natural  gas  in  the  United  States,  xx,  411. 

Wehrlite  (telluride  of  bismuth)  in  ores  of  San  Juan  district,  xviii 
[453]. 

Weight  and  measure,  U.  S.  prototype  standards  of,  xviii,  716. 

Wcimer,  P.  L.,  on  anthracite  as  blast-furnace  fuel,  xix,  964. 

Weisbach,  formula  for  velocity  of  sphere  falling  in  still  water, 
xvii,  638. 

Welding:  by  electricity,  xvii,  559;  xviii,  532;  xx,  249;  gold 
buttons  at  low  temperature,  xviii  [30] ;  by  Thomson  electric 
process,  xviii,  532. 

Welding  by  Electricity  (Thomson),  xix  [xxxi],  877. 

Weldon  iron  mine,  Morris  county,  N.  J.,  xix,  667;  magnetic  con- 
centration at,  XX,  590. 

Wellman,  S.  T.  :  Machinery  for  the  Charging  of  Heating  and  MeUing- 
Furnaces,  xix,  [yiii],  373 ;  remarks  in  discussion  of  Mr.  Daelen's 
paper  on  German  steel-works  and  rolling-mills,  xix.  539. 

Well8  (see  Gas-  Salt-  and  Oil-wells). 

Wellston  :  pig-iron,  analyses  of>  xvii,  255 ;  white  iron,  percent- 
age of  silicon  in,  xvii,  701. 

Wellsville  &  Alma  Oil  Co.  xvi,  929. 

Welsh  Hill  drift,  Danville  iron-mine,  Montour  county,  Pa.,  xx, 
376. 

Wendt,  Arthur  F.  :  The  Potost,  Bolivia,  Silver  District,  xix  [iz],  74 
(Drawings  of  the  fossil-plants  referred  to  in  this  paper,  with 
descriptions  by  Prof.  N.  L.  Britton,  will  be  published  in  vol. 
xxi.)  ;  on  ores  of  Copper  Basin,  Ariz.,  xvii  [483]  ;  of  Putnam 
county,  N.  Y.,  xvii  [759]. 

Wenstrom  magnetic  ore-separator,  xvii,  599,  738;  xix,  62,  667. 

Wenstrom  Magnetic  Separator  (Cook),  xvii  [xlii],  599. 

Wertnouth  Mining  Co.,  Honduras,  C.  A.,  xx,  401. 

West  Aspen  Mountain,  Pitkin  county,  Colo.,  geology  of,  xvii,  179. 

West,  Caleb  R.,  address  of  welcome  at  Salt  Lake  City,  Utah,  xvi, 
xvii. 

Western  coal-field  (bituminous),  xviii  [123],  124. 

Western  Kentiwky  Coals  and  Cokes  (Allen),  xvi  [xxxtyt],  581. 

Western-Northern  anthracite  coal-field,  Pa.,  xvii,  607. 

Western  Steel  Co.,  St.  Louis,  Mo.,  xx,  257. 

Westesson  and  Salome,  analysis  of  Bernice  anthracite,  xvii,  610, 
615. 

West  Jordan,  Bingham  CaSon,  Salt  Lake  county,  Utah,  xvi,  21, 
28, 32. 

Westman  kiln  for  roasting  iron-ore,  xviii,  78, 304. 
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West  Virginia :  coal-production  in  1887-88,  xviii,  124, 133 ;  coke, 
flUBtaining  powers  of,  xvii,  147 ;  Greenbrier  county ;  coal, 
xvii,  119, 121 ;  limestones,  xvii,  120 ;  timber,  xvii,  121 ;  manu- 
facture and  consumption  of  phosphoric  acid  fertilizer,  xvii,  85. 

Wetherby  oil-wells,  Bolivar  township,  Allegany,  N.  Y.,  xvi,  937. 

Wetherell  Bros.  Steel  Casting  Co.,  Thurlow,  Pa.,  xvi,  704. 

Wheat,  prices  of,  in  United  States,  xix,  514. 

Wheeler^  H.  A. :  PneumcUic  Hoisting,  xix  [mi],  107. 

^Vheels  for  mine-cars,  tests  for  self-oiling,  xviii,  508. 

Whirlpool,  Niagara  Falls,  Medina  formation  at,  xvii,  328. 

White  and  Howell  furnace,  xvii  [771]. 

White  Cap  silver-mine.  Iron  Hill,  Lake  county,  Colo.,  xviii,  151 
el  seq, 

Whitehouse  cannel-coal  mine,  Johnson  county,  Ky.,  xviii,  438. 

Whiting,  Jasper:  Some  Experimenta  on  Blast-Furnace  GaseSy  xx 
[Ivit],  280. 

Whitney,  A.  VV.,  analysis  of  Muirkirk  pig-iron,  xvii,  471. 

Whittemore,  D.  J.,  on  rail-8ections>  xvii;  424. 

Whitwell  coal-mine,  Marion  county,  Tenn.,  xvii  [47, 209,  211]. 

WhitwcU  hot-blast  stove,  xvii,  53. 

Whitwell,  W.,  remarks  in  discussion  of  Mr.  Gayley's  paper  on 
American  blast-furnaces,  xix,  978. 

Wieliczka,  Austria,  salt-mine,  xvii  [110]. 

Wigglesvi^orth,  Thos.  EL,  on  gilsonite  from  Uintah  county,  Utah, 
xvii,  11^  etseq, 

Wilcox,  McKean  county,  Pa.,  natural  gas,  xvii,  405. 

Wiley  on  phosphate-slag,  xvii  [89]. 

Willard  silver-mine,  Iron  Hill,  Lake  county,  Colo.,  xviii,  151 
et  seq, 

Willett  oil-wells,  Bolivar  and  Genesee  townships,  Allegany  county, 
N.  Y.,  xvi,  932,  933. 

Williams,  Henry  J. :  The  Determination  of  Silicon  in  Ferro-Silicon : 
'  Its  Occurrence  in  Aluminum  as  Graphitoidcd  Silicon^  and  a  Study 
of  lis  Reactions  with  Alkaline  CarbonateSj  xvii  [xxxii],  542. 

Williams,  John  J.,  remarks  in  discussion  of  Mr.  Hunt's  paper  on 
tests  of  structural  wrought-iron  and  steel,  xx,  713. 

Williams,  Oliver,  remarks  in  discussion  of  Mr.  Hunt's  paper  on 
tests  of  structural  wrought-iron  and  steel,  xx,  701. 

Williams,  Prof.  H.  S. :  geology  of  oil-  and  gas-sands  in  New  York 
and  Pennsylvania,  xvi,  945  et  seq. ;  report  on  geology  of  Wes- 
tern New  York,  xvi,  921,  923. 

Williams,  R.  C,  tests  of  explosives  by,  xviii,  515. 

Williamson  blast-furnaces,  Birmingham,  Ala.,  xvii  [212,  222]. 

Williamson  Furnace  Co.,  Birmingham  district,  Ala.,  xvi,  593. 


IKDEX,  VOIJB.   XVI  TO  XX.  189 

Williams's  CaSon,  Colo.,  excursion  to,  xvi,  xxt. 
Wimmer,  on  the  Rammelsberg  ore-deposit,  xvii,  576. 
Winamuck  silver-lead-mine,  Bingham  Canon,  Salt  Lake  county, 

Utah,  xvi,  12, 17. 
Winding-engines,  equalizing  the  load  by  spiral-drumsi  xvii,  305. 
Winding  from  shafts  by  Koepe  system,  xvii,  429. 
Winifrcde  Coal  Co.,  W.  Va.,  xra  [455]. 

Winkler  on  loss  of  gold  in  roasting  metallic  sulphides,  xvii  [5]. 
Winkler's  method  of  assaying  bronze  and  tin,  xviii,  35  et  seq. 
Winter  Quarters  coal-mines,  Scofield,  Emery  county,  Utah,  xvi, 

357. 
Winthrop  iron-mine,  Marquette  county,  Mich.,  xvi,  174 ;  xvii,  718. 
Wire-cables  :  for  transmitting  electric  current  in  German  mines, 

XX,  357  :  welding  of,  by  electricity,  xix,  885. 
Wire-rope  :  cables  of,  used  in  open  mining,  xviii,  629 ;  haulage  by, 

compared  with  haulage  by  electricity  and  mule,  xviii,  412,418. 
Wire-Rope  Haulage  and  its  Application   to  Mining  (Roberts),  xvi 

ixxo\  213. 
Wire-rope  tramwav  at  Tilly  Foster  iron-mine,  Putnam  county, 

N.  Y.,  xvii,  761.' 
Wire  ropeways,  aerial,  xix,  760. 
Wiring  for  electric  power- transmission  in  silver-mines,  Aspen, 

Colo.,  XX,  321. 
Wirt  township,  Allegany  county,  N.  Y.,  oil-wells,  xvi,  932. 
Wiser  &  Kincaid  oil-wells,  Bolivar  township,  Allegany  county, 

N.  Y.,  xvi,  934,  937. 
Wiswell  mill,  xviii  [401]. 

Witherbee,  T.  F.,  on  substitution  of  anthracite  on  top  of  char- 
coal in  the  Fletcherville  furnace,  Essex  county,  N.  Y.,  xvii 

[146]. 
Witherbee,  Sherman  &  Co.,  Port  Henry,  Essex  county,  N.  Y., 

XX,  595,  599. 
WiTTMANN,  N.  B. :  Peculiar  Working  of  a  Blast-Furnace,  xviii  [pdvii], 

427. 
WoAKEs,  Ernest  R.  :  A  Compound-Plunger  Hydraulic  Pump,  xx 

[lvi{\,  109. 
Wolcott,  Wayne  county,  N.  Y.,  gas-well,  xvi,  943. 
Wolf  Creek  Coal  Co.,  Corona,  Walker  county,  Ala.,  xvii,  210,  218. 
Wolf  Den  Hollow  coal-mine,  JeflTerson  county,  Ala.,  xvii,  214. 
Wolfram  in  Black  Hills,  S.  Dak.,  xvii  [786]. 
WoUaston  township,  Ontario,  Can.,  magnetic  iron-ore,  xvi,  140. 
Wolverine  copper-mine.  Lake  Superior,  Mich.,  xix,  684. 
Wood,  amount  of,  used  for  fuel  in  United  States  per  annum,  xx, 

413. 
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Wood,  A.  B. :  Electricity  in  Wdding  and   MeUd-Worhing  xx  [^i^Tj,  fl 

249;  remarks  in  discussion  of  Prof.  Smock's  paper  on  iron- 
mining  in  New  Jersey,  xx,  226. 

Wood,  A.  P.,  and  Stevens,  W.  H.,  discoveries  of  Leadville  ore-  [ 

deposits  by,  xviii,  146.  / 

WooDBRiDGE,  T.  Reed  :  A  Rapid  Method  for  the  Determination  of 
Phosphorus  in  Certain  Ores,  xvii  [xlii%\^  750 ;  remarks  in  discus- 
sion of  magnetic  concentration  of  iron-ore,  xx,  577  ;  analyses 
of  iron-ore,  xvii,  721,  744. 

Wooden  tanks  for  lixiviation-plant,  construction  of,  xx,  3. 

Woods  best  suited  for  mine-timbering,  xvii,  269. 

Wood's  ore-bank  near  Muirkirk  furnace,  xvii  [465]. 

Woodstock  Coal  and  Iron  Co.,  Ala.,  xvii  [225] ;  visit  to  works, 
xvii,  xxiii. 

Woods  used  in  pile-roasting  of  ore  and  matte,  xvi,  23. 

Woodward,  A.  E.,  and  Richards,  R.  H.,  The  Velocity  of  Bodies  of 

Different  Specific  Gravity  Feeing  in  Water,  xviii  [xlviit],  644.  j 

Woodward  Iron  Co.,  Birmingham  district,  Ala.,  xvi,  593 ;  xvii, 
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